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Course Doscription ^ 

f) ' ' ' 

■ -C ' u .•• ^t^ontiinfino The orevious courses discussed-blueprints, tools, piping, electricitv; insulation, principles 

. This is tfi fourth of four courses on heatmg and ventilating. The ^'^"'^''^^^^l^ . insta»ation operation, and maintenance of several water 

of heating, heating units, warm-air heating, and hot-water heating. J^'^^^^^^^^^^^^^;;;; '^^^ Ltruction on the steam-driven pump system,, 
feeder systems, with emphasis on the use of chemicals m testing and ^""^'"3^ Jj;. J^^^^^^;,,'^^ distribution systems, with their fittings and accessories, 
the centrifugal pump, injector feeder systems, and Water conditioners. External and internal steam 



are presented in detail. This subcourse consist^of the followmg-four lessons. 



Lesson 1 



centrifugal rotary pump* the injector feeder system, and water conditioners. . f 



_ rre.tn.em of Boiler Water covers the characteristics of water, the purpos. and types of water treatment, and the control of 

water treatment. ^ 
_ > iteerr, P.ents contains information regarding the requirements, types, in:tallation operation, -d mai^itenance of steam boilers, 
fhe fittings and accessories for boilers; boiler requirements; and boiler and pipe identification markings. 

_ Stesrr, Distribution provides information about external and intern.T^im distribution systemH«d describes installation. . 
' operation, and maintenance of these systems and.their components^ 



Lesson 2 



Lesson 3 



Lesson 4 
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INTRODUCTION 



This 'is the last of the four subcourses on 
Heating and Ventilating in the MOS 51-J 
career field. It jdiscusses the installation, op- 
eration, and maintenance of several water 
feeder s^tems, with emphasis on the use of 
chemicals in testing and purifying water. The 
text also offers instruction on the steam- 
driven pump systems, the centrifugal pump, 
the injector feeder systems, and water condi- 
tioners. External and internal steam distribu- 
tion systems, with their fittings and acces- 
sories, are presented in detail) 

This subcourse consists of four lessons and 
,an examination as follows: 

Lesson 1. Feed - Water, ^'Condensate, and 
Pump Systems. 

2. Treklment of Boiler Water. 

3. Stefim Plant^ 

4. Steam Disthbution. 
Examination. 

Twelve credit hours are allowed for this 
subcourse. You will not be limited as to the 



number of hours that you spend on the sub- 
'course, any lesson, or the examination. For 
statistical purposes, you are required to erj^er 
in tHe proper space on each answer sheet th^ 
number of hours *^spent in studying the text 
and solving: the exercises. 



'The 



Text furnisked: Memorandum 567. 
text need not Ife returned. 



To facilitate removal, answer sheets are 
bound in reverse order at, the end of this 
booklet. Make sure that the number on the 
answer sheet the ^same as the lesson that 
' you are working on. 

Each exercise has* four choices with only 
<>he BEST answe^. Select the choice th^ you 
believe is best. Then turn to the answer sheet 
and mark an X through the letter repre- 
senting that choice. 

The examination will be sent to you when 
you have successfullj|t completed all the les- 
sons. 
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lESSON 1 

FEED-WATER, CONdInSATE, AND PUMP SYSTEMS 



CREDIT HOURS —3, 

TEXT aIsIGNMENX Chapter 1, Memorandum 567. 

LESSON OWECnVE To teach you the use of several water feeder 

systems, 'the functioning of the centrifugal 
^ * rotory pump, and the effective use pf stan- 

dord water conditioners. 

o 

. i m " 

EXERCISES 

Requirement. Solve the following multiple- c too much condensate 

choice exercises. ^ insufficient conaensate 

. ^ 1. How many inches must the ^ You are usin& an automatic 

water^be above the top row of tubes water-level control in connection with 

whe^a fire-tube boiler is ready to Ught , ^ ^ electric-driven feed-water pump, 

off' When the float rises sufficiently, the 

a. 1 c. 3 P""P 

b. 2 : d. 4 . a. starts 

b. doubles its speed 

2. Which of the foUowing boUers ^ slowly • " 
must be provided ^th at least ^two 

ways of feeding water? ' d. shuts off 

a. those that ha^e 300 square feet of 5 The standard automatic feed- 
^ heating surface water control is ^ 

b. those that have 500 square feet of a. an injector a a float . 
heating surf ace ^ ^ ^^^^ ^ ^ ^^^p 

' c. those operating below 15 psig , „ . 

^6. Which of the following returns 

. d. low pressure units ' - the condensate to the boiler by means 

^ ' ^ ^ of gravity? 

3. Makeup) water is heeded for an automatic feed 

operating boiler because of «_ ^ 1 

•.^ t ^ * & . b. centrifugal pump 

a. incoming-water pressure Hartford loop 

b. f hange In boiler temperature d. manual feeder 



7. You are operating a duplex 
steam reciprocating pump that has a 
normal speed of 40 strokes per minute. 
The speed suddenly increases to 80 
strokes per minute. What is the most 
probable cause? 

a. loss of water pressure 

b. fe^d water is too hot 

c. ,steam pressure doubled 

d. feed water is too cold 

' 8. Leaks around the packing 
glands of a steam pump cause 

a. pump to increase its speed 

b. loss of condensate 

c. pump to stop 

d. increase of condensate 

9. The regulating valve of a ther- 
mohydraulic feed-water regulator is 
opened by 

a» steam pressure in closed system 

b. electrical contacts 

c. float-operated switch 

d. expansion of thermostat 

10* A turbihe-type centrifugal pump 
is suitable as a feed-water pump be- 
cause of its 

a. high-discharge pressure 

b. low-discharge pressure 

c. high-temperature balance 

d. high-suction force, 

, 11. The stop valves on the suction 
and discharge sides of a boilei^ with an 
electric motor permit repair or replace- 
ment of the pump without interrupUng 
operation of the 

a. boiler e. impeller 

b. .motor d. condensiate receiver 

1 — 2 



12. Before starting a new pump or 
one that has been idle for a long period 
of time, you should turn the pump shaft 
by hand in oMer to verify that the 

^ a. impeller is locked r 

b. impeller is free 

c valves are closed 

d. air discharge tube Is' clear 

13. A check valve is installed be- 
tween the boiler and the pump discharge 
in order to prevent hot water or steam 
from traveling from the 

a. "pump to packing glands 

b. strainer to the pump 

c. boiler to the pump 

h 

.d. pumputo the injector 

14. An injector Is correctly installed 
on a boiler with enough water and steam 
pressure available, but the injector will 
not feed water. What is the most likely 
trouble? 

a. injector is not primed 

b. mineral coatings in injector 

c. injector holes are plugged 

d. water is very hot. 

15. For the injector to operate, the 
water should have a maximum tem- 
perature of 

a. 100° F c. 115° F 

b. ^110° F d. 120° F 

16. Why is feed water preheated? 

a. eliminates oxygen from water 

b. changes boiler water chemically 

c. increases efficiency of boiler opera- 
tion 

d. reduces ti^mperature of makeup 
water f 




■a 

17. ' Xou us^ exhaust steam to heat 
a feed-water heater and thereby raise 
the feed-water temperatiire from 60*' F 
to leO"" F. By what percent have you 
increased the eflBciency of the boiler 
plant? 

6 c, 12 



a. 
b. 



10 



d,. 15 



18. *If steam is generated when a 
^ downward-flow economizer-type heater 
is used, the cause is 

a. improper circulation through the 
unit 

the water is top cold ^ 

c. the tubes are incorrectly pitched 

d. soot has accumulated in tubes 



19. Which of the following would 
you use to precipitate the hardness salts 
of calcium and magnesium from the 
water? 

a* sodium zeolite 
b. hydrogen zeolite 
c soda ash 
d. lime soda 

20, What function does a float as- 
^ sembly perform in a tray-type deaera- 

tor? 

a* decreases -nozzle pressxxre ' 
bi opens spray valves 

increases steam condensation 
d, controls water level 



1 — 8 
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LESSON 2 

TREATMENT QF BOILER WATER 

CREDIT HOURS 2 ^ 

TEXT ASSIGNMENT „_„_Chapter 2, Memorandum 567. 

LESSON OBJECTIVE To teach you the methods of water treatment, 

, the maintenance of water boilers, and the 
use of chemicals in testing and purifying 
water supply. 

* ' ; ' — 

' ^ EXERCISES 



Requirement. Solve the following multiple- 
choice exercises. 

1. What does^the symbol COo 
gtand for? ^ 

a. 1 part calcium and 2 parts oxygen 

b<_i part coal and 2 parts oil 

c. carbon dioxide 

d. carbonic oxygen 

2. A high -pressure steam steel 
boiler is rated at how many horse- 



power r 

a. 85-90 

b. 90 



c. 95-100 

d* 100 or more 



3. How many pounds of disodium 
phosphate do ypu use m boiling out a 
boiler that holds 10,000 pounds of 
water? 



a. 3 

b. 15 



c. 30 

d. 45 



4. The chemically treated water 
that is'used to cleanse a scaled and cor- 



roded boiler is raised* to 200° F. For 
how many hours is this temggrature 
maintained ? 



a. 
b. 



5 to 10 
15 to 20 



c. 
d. 



20 to 30 
24 to 48 



5. You are using the dry method 
of storing a 3000-gallon boiler. How 
many poimds of quicklime do you use? 



a. 2 

b. 3 



e. 5 
d. 6 



6. You are using the wet method 
to store a boiler that Contains 5000 
pounda^f water. How many pounds of 
sodium sulfite should you use? 

a. 5 c. 25 

b. 6.25 d. 50 

7. You are checking condensate 
return lines of a w^ter boiler and you 
notice that CO2 is causing corrosion. 
You can partially neutralize this by 
treating the condensate with 

a. bicarbonate 



b. carbon 



c ammes 
d. quicklime 
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8. The makeup rate of feed water 
for a central heating plant is equal to 
what percent of the steam produced? 

a. 5 to 10 c 10 to 15 

b. 5 to 15 



i 15 to 20 



9. Slowdown is given to a boiler 
primarily to 

a, control solids in boiler water 

b, increase heat tj^ansmission 

c* increase oxygen in the water 
d. prevent scales on boiler piping 

10. You find a high co^centration 
-of calcium salt in the msieup^water 

entering wSter boiler. Which of the 
following would you add to this water 
in order 'to control the formation of 
calcium scale in the boiler? . 

a. antif oam c. ^ soditim siHfite 

b. phosphatjB ^ d. caustic st)da 

11. You are conducting a pH test of 
boiler water and find that this water has 
a pH of 4.S. -Which of the following 
would you ad(| to the water to control 
the acid content? 

'"'a. socQum sulfate 

b. calcium salts 

c. socUimi phosphate • 

d. catistic soda 

12. How many pounds of sodium 
sulfite would you combine with 5 pounds 
of oxygen to form sodium sulfate ? 

a. 10 c- 30 

b, 20 d. 40 

13. An antifoam compound de- 
creases the foaming in a boiler by chang- 
ing the 

a. feed-water makeup rate 

b. rate condensation 

c. surface tension of the water 

d. pH reading 



14. Whlish of. the following would 
yoii select as the best place to mix 
chmicals for use in, a boiler ? 



a. floor level 

b. low bench 



c ' high table 
d. dirt hole 



15. You must feed chemicals to five 
boilers. You would arrange the piping 
and feeders so that the chemicals are 
added 

a. to all boilers at same time ^ * . 

. b. to two boilez^ from same ^emical 
feeder ^ 

.c. to three boilera at same time, and 
two individually 

d. 'directly to each boiler 

16. H6w often would you check tbe- 
water in a 30-horsepower boiler? 

a. daily ^ ^ <c. weekfy 

b. semi-weekly d. monthly 

17. How^often wpuld you check the 
water in a 15-horsepo^er boiler? 

a. daily c. weekly 

b. twice a week , d. monthly 

* 18. If you used 19 milliliters of 
causticity reagent No, 2 during, a caus- 
ticity test, how many ppm of causticity 
. would you find in the saniple? 

a. 220 y c. 437 . ^ ' 

b. ^ 365 d. 45Q . , 

. 19. You use^% teaspoon of decol- 
orizing carbon in making a boiler water 
test What test are you making? 

a. causticity c. sodium sulfite 



V b. tannin 



d. 



phosphate ^ 

20. You are" using a conductivity 
solo-bridge in making the total dissolved 
solids test You get a reading of 2000 
micromhos. How many ppm, of total 
dissolved solids do you have? 

a. 500 c. 1800 

b. 1000 d. 2000 



2 — 2 
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^ LESSON ar 

STEAM PLANTS ^ 
CREPIT HOURS — 2 \ 

TEXT ASSIGNMENT - Chapter- 3, Memorandum 567. 

\ 

LESSON OBJECTIVE ^ 1. To teach you the construction, installation, 

operation, and maintenance of steam boil- 
eris^ including the functioning of their ac- 
cessories. ' 

«J ^ ——^ — i 

* , . ■ • 

EXERCISES 

• Requirement Solve the following multiple- c holding the gases 

choice exercises. preventing boiler-surface heat 

L The sea-level temperature of 5. .In most cases, baffles are prQ- 

water cannot be u^creased bfeyond ^ ^j^^^j ^ Yygiler to 

a. 200° F . c 220° F ^ ^^^^e the gases 

b. 212° F d. 230° F^ ^t. prevent exit of gases 

' . 2. You want to provide 49 psig c prevent formation of gases 

from your water boiler.- What tempera- ^ ^^^^^^ j^gat absorption by boiler 

ture would you make the water in order water 

to provide this pressure? ^ ' 

^ 490 p c\ 270° F 6- The access door of a bpiler per- 

mits the cleaning of the tubes and the 

b. 119° F d. 296° F , y^^^^^ Which of the following 

would you use to seal this door between 

3. Standard practice requires that boiler cleanings? 
a qualified ^boOer inspector should in- 
spect a steam boiler at least once a a. asbestos rope 

a. day c. month b. rivets 

b. week d. year' cement powder ^ 

4. AD boilers are constructed to ^* ^^^^ 
incorporate a furnace or firebox for 

7. How are the sections of low* 
a. storing the fuel ^ pressure sectional steel boiler? usualfyt 

^ b. burning the fuel joined^ t<)gether? 

3-1 
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a. bolted 

b. riveted 



. c. welded 
d. hooked 



8. As a rule, the maximum design 
pressure requirement for which you 
would use a fire-tybe boiler is 

£U 150 psi c. 200 psi 

b. 175 psi d. 225 psi 

9. What kind of boiler has its com- 
bustion chamber incorporated as an in- 
tegral part of the bo&er? 

c. crown 

d« firebox 



\ 



a. marme 

b. iocomotive 



10. Which boiler has all four sides 
of its firebox surrounded by water? 

a. fire tube c. tubular 

b. locomotive . d. Scotch marine 

11. In an HRT boiler, the gases are 
directed upward to the tubes by means 
of a ' ; ' 

a. bloxydown line 

b. refractory * — ^ 

c. refractory baffle 

d. fusible plug 

12. Which of the following boilers 
is a complete, self-contained imit ? 

a. Scotch marine c. ^ locomotive r*- 

b. HRT d. bent tube U 

13. Which of the following do you 
consider a disadvantage of the Scotch 
marine TDoiler? 

a« all tubes are same size 

b. two-j^ass arrangement of tubes 

c. corrugate<f sheet-jnetal firebox 

d. large amount of reinforcing is nec- 
essary 

14. Boflers ha^g tubes less than 
2 inches in diameter are small tube boil- • 
ers. They are commonly called what 
type of boiler? 



a. express 
b* firebox ^ 



c. bent tube 

d. water tube 



15. The purROse of the steam-drum 
baffle in the sectional cross-header type 
of water boiler is to , 

a. maintain a continuous flow of water 

"6. help separate the water from the 
stieam . ^ 

c mix water dnd steam proportionally 

d. change the feed water to steam .s 



16. Which of the following are dis- 
tinguishing features of the^ secti&nal 
header cross-druin boiler? - ^ * 

a. baffles . c headers 

^ • » 

b. ha^fid holes d. tubes 



17. j You niust check the pressui^B 
gage oh a boiler that has its safety valve 
pressure set at 100 psi. This tiest dial 
that you use for this check is graduated 
to read at leW^ 



a. 50^ 

b. loa 



c. 160 

d. 200 



18. You are o^rating a boiler with 
a cut-in pressure ^6f ^00 psi and a dif- 
ferential pressure of 10 psi. What is 
the psi cut-out pressure? 



a. 
b. 



90 
100 



d. 



105 
110- 



19. How many.'water-gagfe glasses 
would you provide on a boiler that is 
operating at 500* psi? 

a- 1 ^ c 3 

b. 2 d. 4 

20. You have a boiler with 700 
square feet of heating surface. What 
is the minimum nimaber of safety valves 
that you would install? 

1 c. 3 



a. 



-2 



b. 2 

19 



d. 4 



♦ 
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. ' ,LESSON 4 ^ . ^ 

STEAM DISTRIBUTION 
CREDIT HOURS 3 

TEXT ASSIGNMENT Chapter 4, Memorandum 

I Bccnw OBJECTIVE - - To teach you the installation, operation and 

LESSON OBJEaiVE.- maintenance of externol and internal dis- 

« tribOtion. systems, and the functionmg of 

' ^ ' their components. 




EXERCISES 



Requirement. Solve the foUowing. multiple- 
choice exercises. 

1. The exterior steam distribution 
system is divided into which two cate- 
gories? 

a. conduit and utilidor ' \ 

b. utilidor and overhead ' 

c. abovegroxmd and utilidor a 

d. undergrOTind and abovegrbund 

2. The underground steam distri- 
bution system is divided inta which 
the followmg two categories? 

a. conduit and utilidor 

b. gravity and air vent v 

c. one-pipe and utilidor 

a. one-pipe and two-pipe vapor 

3. The abovegroimd steann distri- 
bution system 1$ divided into which of 
the follQwing two categories? 

a. conduit and utilidor 

b. internal and gravity 



c. vapol* and exterior 

d. overhead and surface 



^0 



4. In a surface steam distribution 
system, you find that the pipe at one 
place has been shaped into a large loop. 
The most likefy reason for this is to: 

^ provide for pipe expansion 

b. keep out water 

c reduce rate of water flow 

d. control steam pressure 

5. In the gravity one-pipe, air-vent 
system, the return of condensate de- 
pends upon the 

a» hydrostatic head 

b. air valve 

c! radidtor shut-off valve 

d. inlet valve 

6. In which distribution system 
does the condensate and the steam flow 
m opposite directions wtthin the same 
pipe? 

4 — 1 
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a. - two-pipe gravity reverse 
1>. two-pipe vapor 

c. gravity, one-pipe, air vent 

d. one-pipe, external vapor 

7. You are installing a gravity, air- 
vent one-pipe distribution system. What 
pitch would you give a 40-foot line m 
*order to obtain proper drainage? 

c. % inch 
rf. i inch 



a. %.inch 

b. Vz 



8. You are starting to heat tip a 
cold heating system. You open the main 
steam stop valve only very Uttle m 
order to 

a. allow a gradual entry of air to sys- 
tem 

b. . avoid thermal shock to lii^es .and 

fittings 

c build up condensate in distribution 



-lines 



d. maintain an unchanging boUer- 
water level 

9. In the one-pipe ste^am distribu- 
tion system, a partially open radiator 
valve will interfere with the 

a. pitch of the distribution lines 

b. proper drainage of the radiator 

c. functioning of water-return trap 

d. rate of condensate return to. boiler 

10. When a radiator fails to h^at or 
when' water-hammer occurs^ which of 
the following is a probable cause ?v 

a. failure of air vent to function 

b. a fluctuating boUer-water line 

c. valve is completely open 

d. valve is completely closed 



11. You are installing a return trap 

^ in a two-pipe vapor system. How many ^ 
inches aWe the boUer water Ime do 
you set the bottom qf this trap ? 

a. 14 a . c 18^ 

b. 16 ' ^ 2Q^ 

12. What component of a two-pi^ 
vapor system would you find at the 
bottom of the opposite end of the radia- 
tor? 

a. air vent ■ 5' 

b. radiator valve ^ 
c thermostatic trap"?* 

d. flow-control valve 

IS. If you operate a boiler at an 
altitude at which water boHs at 190° f , 
the Uquid in the beUows of ita automatic 
; radiator air Vent would boil at, 

..a. 180° F c F 

. b. 190° F . l A. 212° F 

14. You are inspecting ^ float trap 
that does not operate, Yoii shake the 
eap and hear sloshing of water in the 
float, which does not rise. You would 

a. drain the trap 

b. enlarge the seat 
c replace the trap 
d. replace the float 

15. What steam trap operates on 
the principle that a portion of hot water 
under pressure will flash into steam 
when its pressure is reduced? 

a. throttling 

\. thermodynamic 

c bucket 

d. impulse 

16. The impulse trap /of a steam 
distribution system has an inlet pres- 



sure of 100 psi. Th4 psi pressure on the 
discharge 5ide shodTTnot be more than 



a. 10 

b. 15 



c 20 
d. 25 



17. Which of the following steam 
traps contains only one moving part? 

a- thermostatic 

b. thermodynamic 

c. bimetallic-element 

d. impulse 

18. How many times its volume does 
water expandwhen it dhanges tosteam? 



a. 
b. 



1500 
1628 



c 1728 
d. 1850 



19. Which of the following metals 
are commonly used in making the bi- 
metallic strip in a bimetaUic tra^^ 

a. invar and copper 

b. invar and steel 

c. steel and m'agnesium 

d. steel and copper 



20. The temperature of the steam 
to which a sUp-type expansion joint may 
be subjected is determmed by the 



a. temperature valve 

b. water pressure in line 

c. type of anchor on the joint 

d. . kind of packing 



1' 
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§ CORRESPONDENCE COURSE OF , ^ 
U. S. ARMY ENGINEER SCHOOL 



SUBcbutSE 567 1 Heating and Ventilating W. 

- LESSON 1 Feed-Water, Condensate, and Pump Systems. 

SOLUTIONS 



^ Each exercise has a weight of 5. All refer^cd^ are to MemorajidumrSet,: 



1. 


b 


(para 1-1) 




11. 


a 


(j9ara 4-10) 


2. 


b 


(para 1-?) 




12. 


h 


(para 4-11) 


3. 


d 


(para 1-3) 




13. 


c 


(para 4-11) 


i: 


d 


(para 1-4) " « 




, 14. 


d 


(para 5-1) 


• 5. 


c 


(para 1-4) % ■■ ' ^ 




15. 


d 


(para 5-5) 


6. 




(para 2-2) " i 




" 16, 


, c 


(para 6-1) 


3. 


b 


(para 3-3) 




17. 


h 


' (para 6-2) 


b 


(para 3-7) ^ 




18. 


a 


(para 6-5) 


• ^ 9. 


a 


(para 3-12) 




19. 


d 


(para 7-9) 


la. 

1 


a 


(para 4-7) 




20. 


d 


(para 7-15) 



For further explanation, see Discxission, 



AU coi^rned wiU b& careful that neither this solution nor information concerning the 
same comes tato the possession of students or prospective students who have not completed 
the work to which it pertains. 
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DISCUSSSON . . 

1. 'lUe water level for fire-1?ube boUers must' be maintained at leaat 2 (b) inches above 
the top row of tubes. 

•i BoUers having 500 or moJsqnate feet of heading surface (b). aa well as all high- \ 
pressu;e b^UeS^^re'o^Lng abov^lS psig) . must have at least two different ways of p,o- . 
viding feed water. i • 

3 Generally, the ^ndensate is not of sufficient quantity (d) to make up for aj ttie wa^r 
that a boiler req^^^^^ X fresh water that is added to the boiler water is usually called make- 
up water. ^ . , - . ^ 

^4 The feed water is pumped into L boiler, raising the boUer water to^ecoi^^^^^^^^ 
When ;his TapTens the riing float causes the electrical contacts to open an^ shut off (d) the 
pump. ' 

5. Modem feed-water instaUations have automatic controls. The standard automatic " 
feed-water control is a float (c). 

c To make Dossible the return of condensate by gravity, the pressure in the return sys- 
tem nLt^eTqt^^^at^ th'e boU^ One method of balancingtheseretom water andsteam 
pressures is the Hartford loop (c) , illustrated in figure 3. 

7 When the feed water is too hot (b) (212° F or higher), the pump will not operate 
properly ZTlm exceed its iiormal speed, which is 5 to 50 strokes per mmute. 

8 Leaks around the packing glands of a steam pump cause the loss of <»iidens»te (b) 
and crtte^he h^^'d of bmSang t^e^operator. These leaks can be stopped m most instances by 
tightening the packing-gland nuts. 

9 Heat from the steam in the inside tube is transferred^to water in.tiie outside tu^^ 

. this cLS:!"- steam, ^^e st^ cr^l^ P-^^^ 

outside txAe. This increased pressure acts on the beHews of the reguiatmg vaive 

valve. ' V_ 

(a). " 

11. By closing the valves, you can repair or replace the pump without interrupting the 
operation of the boiler (a). 

age to the pumpjparts. . ^ . , - 

^ 1 — » ■ ^ 9/} 



« / 

ERIC 



14. One drawback to using the injector is that it will not feed water when the water is 
very hot (d). ^ ' ^ 

15 The water supply should not be hotter than 120« F (d) for the injector to operate. If 
aeveri un^cc^sf^^^^^^^ made to operate the injector, it becomes very^hot and wiU 

not prime. • >^ ♦ 

ie. A feed-water heater is Used to increase the efficiency of boUer operation (c) by heating 
the feed water. This preheating (jf£en resxilts in economy. 

17. The use of the heat from exhaust ste^^at would etherise be lost incre^es bdUer 
plant efficiency 1 percent for^ach lO-increase in feed-water temperature. (160 - 60 10 X 

1% = 10% (b)) . ^ . V . 

18, When a downward-flow economizer i^used and.some steam is generated, there is' im- 
propcfr circulation through the unit (a). % 

. 19. The Ihne-soda (d) softener is used to precipitate the hardness salts of calcium and 
magnesium from the water. A typical lime-soda water softener is shown m figure 21. 

• 20 A float assembly, similar to the ones shown in figures' 21 a^d 23. that actuate the 
water conLTvalves. conJ^ols the water level (d) _in the tray-type deaeratmg heater. 
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SUBCOURSE 567 ■ : Heating and yentflating IV. 

LESSON 2 _- . - Treatment of Bpller Water. 

. ' * SOLUTIONS 

•0 

Each exercise has a weight of 5. All references are to Memorandum 567. 



1. 


c 


(para 8-2)' 


■4 


11. 


d 


(para 13-1 and 14-1) , 


2. 


d 


(para 10-3) 




12. 


d 


(para 15-5) 


3. 


'c 


(para 10-7) 




13. 


c 


(para 15-6) 

T 


4. 


d 


(para 10-10) 




14. 


a 


(para 16-3) 


5. 


d 


(para 11-3) 




15. 


d 


(para 17-9) 


6. 


b 


(para 11-5) 




16. 


a 


(para 18-2) 


7. 


c 


(para 12-2) ^ 




17. 


h 


(para 18-3) 


8. 


a 


(para 12-3) 


18. 


c 


(para 18-19) 


9. 


a 


(para 12-4) 




19. 


d 


(para 18-21) 


10. 


h 


(para 13-1) 




20. 


c 


(para 18-31) 



For fmther explSmation, see Discussion. 



AU concerned will be careful that neither this solution iior tafonnation oonc^g tto 
same comes tot» the possession of students or prospectlve^students who have not completed 
the work to wluch it pertains. 
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DISCUSSION 

1. Natural water usuaUy containa some impurities such as f^^^^f^'l^^ '^^"'^ 
and magnesium, dissolved and suspended oxygen, and carbon dioxide (c) (CO..). 

2. Steam steel boUers are classified as high horsepower, rated at 100 or more (d) horse- 
power, and low horsepower rated at 100 or less. 

8 After brushing, the boUer should be filled with water. "lye^ 3 poun<^ of cat^tic 
3 poun^ ^£ci pLphate. and 1 pomid of sodium nitrate should be added for each 1000 
pounds of water capacity. 

(10.000 -7- 1000 X 3 = 30 (c) pounds) , 

•4 You maintain the temperature from 24 td^48 (d) hours You also add makeup water 
as required ^g this period to keep the boUer mied to 

' 5. Two pounds of quicklime per 100 gallons of water capacity are placed m the boUer. 

(2x^ = 6 (d)) 
1000 

6. Approxiimtely 2 ounces of sodium sumte to 1(K) pomxds of water are placed in the 
boiler. No airspaces should be left in the boiler. 

^ ( 50 X 2 oz. g gg pounds) 

16 (ounces to pound) 

•7. , The corrosive effect of CJO. is partially neutralized by chemical treatment of the con- 
densate^ with amines (c), derivatives of ammonia. ,^ 

8. The makeup rate of fded water for central heating plants is equd to 5 to 10 (a) per- 
cent of the steam produced. 

9. Slowdown should be given a boUer primarUy to control soUds in the boBer water (a) 
within specified limits. 

10. Phosphate (b) is used to control the calcium scale. 

11 According to para 14-1 and the scale in figure 26. a pH reading of 4.5 indicates that 
the wLrt adrcaustic soda (d) is used to control the acid cont^t of the water. 

12. It takes about 8 pounds of sodium sulfite to combine with 1 pound of oxygen to fonn 
sodium sulfate, a npncorroding agent. 

(8X5 = 40 (d)) 

13. The tendency to foam can be decreased by changing the surface tension of the water 
(c) m the boiler with an sintifoam compound. 

14. The mixing should be done at floor level (a) to prevent injury to your eyes and face. 
You should use protective equipment when you are mixing chemicals. . 

2 — 2 ^ P't? 
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n. Thewaterin.o».hor^powerplan«i»test.d.„lcea».*(b). Wh» mo« than one 
hoUer is in operaUon, the boOera are tested alternately. 

18. TO determtoe the ppm, multiply the milliliters of the reagent (No. 2) by the constant 

number" 23. „ , vx ' 

(19 X 23 = 437 (c)) 

iq The use of decolorizing carbon is the first step in making PhosiAate (d) test, 
whici is c?ndu^ted to dei^ the amount of soluble phosphate m the boUer water. 

20. TO convert this micromhos reading on the solp-bridge to ppm. you multiply the read^ 
ing by standard number factor of 0.9. 



(2000 X 0.9 = 1800 (c)) 



/ 
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CORRESPONDENCE COURSE OF 
U. S. ARMY ENGINEER SCHOOL 



SUBCOURSE 567 "•°«"9 °nd Ventilating IV. 

s LESSON 3 Steam Plants. 

SOLUTIONS 

Each exercise has a yeight of 5. All references are to Memorandum 567. 



1. 


b 


(para 20-3) 


11. 


c 


(para 20-20) 


2. 


d 


(paiia 20-6) 


12. 


a 


(para 20-21) 


3. 


d 


(para 20-7) 


13. 


d 


(para 20-24) 


4. 


b 


(para 20-10) 


14. 


a 


(para- 20-28) 


5. 


a 


(para 20-11) 


15. 


b 


(para .20-31) 


6. 


a 


(para 20-11) 


16. 


c 


(para 20-32) 


7. 


c 


(para 20-12) 


17. 


c 


(para 20-42) 


8. 


a 


(para 20-14) 


18. 


d 


(para 20-43) 


9. 


d 


(para 20-15) 


19. 


b 


(para 20-46) 


10. 


b 


(para 20-17) 


20. 


b 


(para 20-53) 




For further explanation, see Discussion. 



the work to which it pertains. 
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DISCUSSION 

Exerdse: . . * «m«o w 

1 ThP sea-level temperature-of water will not increase beyond the boiling point. 213 F 
(b). Ln ^ ^ou adtS.^^ after the water starts to boU. the water wxU not get any 
hotter as long as it remains at the same pressure. 

2 It is relatively simple to determine the temperature of the -water when you know the 
,X.J'^r^^TS^l^^rl root of the steam pressure, multiply this by 14. and then add the 

constant 198. ^ „ 

(V49 X 14 + 198 = 296° F (d)) 

8 The ASME Boiler Construction Code that has been adopted by goyemmental agendes 
x^conienS o^S and inspecting procedures. Standard practice requu:es that a quahfied 
boiler inspector make an inspection at least once a year (d). 

4. All boUers are constructed to incorporate a furnace or firebox for buralngT the fuel (b). 

X Tn mncit oniiGS bafflcs are provided in the boUer to guide the gases (a) over the most 
effective rtr^eTakfef SoTrorng the exit of the gases so that ma^um amount of heat 
- can be absorbed by the water. . 

° 6. Access doors are usually sealed or made airtight by the instaUation of asbestos rope 
(a) or webbing aroiind the door. 

7. The common practice is for low-pressure boUers to be electricaUy welded (c) and the 
high-pressure boilers to be riveted. 

8 There is a definite limitation in the size and pressure of fire-tube boUers. They are 
seldom'used wheurequirements are above 150 psi (a) design pressure. 

TOs type boUer is usually referred to as a firebox (d) boUer. It requires no masomr 
setting] except perhaps an ashpit or floor for the combustion chamber. 

10 The locomotive (b) boiler, figure 31. has a steel firebox consisting of m^er and outer 
sheets hew to^tTth itiy bolts', ^our sides of the fix^box are surrounded by water. 

11 The eas flow in the HRT boUer is from the firebox toward the rear of the boUer, 
Where gas^ arTdi-rted upward to the tubes by mea^s of a refractory.baffle (c). 

12 The Scotch marine (a) boiler is a portable or padcage unit. It is a complete, aelf-con- 
tamed Imit which indudes automatic controls, sted boUer, and burner equipment. 

/ 13 The Scotdi marine boUer has a few disadvantages. For ^cample, its sheU is f rem 6 to 
8WSi diameter and a large amount of rdnfordngis necessary (d). 

type. • 
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the steam (b). 

7i c^neied at right angles to the tube^. aB shown m figure 3§. ^ 
Py«««"^- (100 X iVo = 150 psig (O) 

. 18. TO find the cut-out point, add the differential pressure to the cut^ 

(lOOpsi + 10psi = 110p8»(d)) J 
19 Eachboiler'n,usthaveatleastonewater.gageglass. If the operating pressure is 400 
psi or xnore, 2 gage glasses (b) must bp provided. 

u o loaaf nne'aaf etv valve. If the boUer has more Ishan 500 square 
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SUBCOURSE 567 
LESSON 4 



Heating and Ventilating IV. 
.Steam Distribution. 



SOLUTIONS 

Each exercise has a weight of 5. All references are to^Memorandum 567. 





(para 21-1) 


11. 


c 


(para 22-15) 


2. a 


(para 21-2) 


12. 


c 


(para 22-32) 


3. d 


(para 21-7) 


13. 


a 


(para 23-6) 


4. a 


(para 21-9) 


14. 


d 


(para 23-11) 
(para 23-20) 


5. a 


(para 22-3) 


15. 


d 


6. c 


(t>ara 22-3) 


16. 


d 


(para 23-;21) 


7.\d 


(para 22-5) 


17. 


h 


(para 23-22) 


8. h 


(para 22-8) 


• 18. 


c 


(para 23-22) 


9. b 


(par^ 22-9) 


19. 


a 


(para 23-27) 


10. o 


(para 22-11) 


20. 


d 


(para 23-44) 



For further' explanation, see Discussion. 



^ -11 iw. «.»fni fhat neither this soIutiMi nor information oonceming the 



the work to which it pertains, 
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DISCUSSION 

Exercise: ^ . - ^ - ^ 

(d). 

2 The maior underground systems ar^ tHe conduit and utiHdor (a). These fVf^^ f '' 
nonnSy ^nS^:r^t v~^^e.ms instaUations because of their high cost of mstaUa- 

tion. 

3. Aboveground distribution systems .re divided into overhead- and surface (d) systems. 

4. Sometimes ah expansion loop, formed by a loop in tlie pipe, is used instead of an ex- 
pansion joint to provide for pipe expansion (a) . 

5 The return of condensate depends upon thehydrostatichead (a). 

in opposite directions in the same pipe. 

7. The necessary internal drainage can be obtamed by sl^^^^ 
tion. of condensate flow) at leaat inch for every 10 feet of pipe. 



(i^l X 1^" = 1 inch (d)) 



. « The reason 'for doing this (opening the main steam stop valve ve^jr little) is to allow 
the sj^'teJ^: waTup slWly and avo?d any l^ennal shock to «ie a«d fittings (b). 

9 ipartial opening of the valves will interfere with the proper drainage of water from the 
radiators X^e Stor valves in the one-pipe steam distribution should be completely 
open or completely closed. 

in When a radiator fails to heat or water hammer occurs, there are several probable 
causes oIS^tL o^e a|r vent to f^^^^ (a), thereby causing the radiator to be- 



come airbound. 



if The bottom ofthe trap should be approJcimately 18 (c) inches above the IwUer water 
like to pro^de a Efficient hydritatic head to overcome friction in the return p.pmg to the boUer. 
1 12 llie steam is suppUed at the top of the radiator, and the air and condei^ate^^^^^ 
tLugk a^hemo^tic t^P (O from the bottom of tiae opposite end of the radaator. 

13. The beUows contains a volatile Uquid which has a boiling point that is 10 degrees 
lower than that of wate^. , 

(190° - 10° = 180" (a)) X 
■ 14. A common difficu|ty is thai water gets into the float and it does ^ot rise. In this case, 
the float must be replaced (d). 



JL 



15. The operation of the Impulse (d) trap ia based on the principle that a portion of hot 
water under pressure will flash into steam when its pressure is reduced. 



16. The pressure on the discharge side" of the trap should not be over 2g^ pf the inlet 
pressure if. the trap is to function properly. 

(100 psi X 25% = 25 P«i (d)) 

17. The thermodynamic (b) trap contains only one moving part ~ a disc. This disc is 
operated by changes in steam pressure. 

18. Wat^r expands to as much as 1728 (c) limes its volume when it changes to steam. 

19 The metals contained in the bimetallic strip are generally invar and copper (a). The 
copper expands very rapidly when heated, but invar expands very Uttie. 

20. The joint Is held tight by the packing, which permits expansion. The kind of paxsldng 
(d) used determines the temperature to which the joint can be subsected. 



J 
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EXAMINATION 

ARMY CORRESPONDENCE COURSE f \ ENGINEER SUBCOURSE 567 

HEATING AND VENTILATING IV 




Requirement. Solve the following multiple- 
choice exercises. 

1. Generally, the return conden- 
sate cannot produce all the water that 
a boiler requires. What must be done? 

a. add fresh water 

b. raise steam temperature 

c. add extra inlet pump 

d. use manual feeder 

2. Steam plants that use pumps for 
both the regular feed system and the 
standby system^must have at least one 
of the pumps 

a. with gravity return 

b. steam driven 

e. with separate cylinders 

d. with steam-driven injector 

3. The outside tube of the thermo- 
hydraulic r^ulator has exterior fins. 
What effect do these have on the tube? 

a. , decrease cooling rate^ 

b. increase cooling rate 

> 
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c. maintain pitch 

d. control rate of rotation 

Which of the foUowing would 
you use to remove lime deposits from 
the injectoi: of a feeder system? 

a. hot water c. muriatic acid 

b. cold water d. steam 

5. One reason why water condi- 
tioners are added to feed water before 
it reaches the boiler is to' 

a. remove minerals that cause hard- 
ness 

b. eliminate hydrogen 

c increase magnesium content 
d. increase calcium content 

^ A sodium-zeoUte soitener h|as a 
capacity of 250 kilograms. The water 
to be softened has 20 grains of hardness 
per gallon. How many jgaltons of this 
raw water can the sodium-^oUte unit 
soften? " — 

a. 11.000 c. 12.000 

b. 11.500 d. 12.500 
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7. You want to reduce the alkalini- 
ty of the boiler crater and to soften it 
at the same time. Which of the follow- 
ing do ypu use? 

a. sodium-zeolite 

b. lime soda 
c brining 

d. hydrogen-zeolite 

8. You are cleaning out a water 
boiler with a mixture of disodium phos- 
phate and sodium nitrate. I|ow many 
hours would you allow this treated 
water to boil before draining the boiler? 

a. 5 to 10 c. 20 to 40 

f 

b. 10 to 20 d. 24 to 48 

9. You are storing a 200-horse- 
power boiler by the dry boiler method. 
How many pounds of quicklime do you 

• a. 25 c. 4a ^ 

b. 35 Y d.^45 

'^lO. You WDidd use the wet boiler 
method when it was necessary to store 
a boiler for periods up to 

a. 30 days c. 2 months 

b. 50 days d. 3^, months 

11. You are using the wet bqiler 
method tp store a boiler containing 2000 
pounds of water. How much caustic 
soda do you add to this water? 

a. l^A pounds c. 30 ounces 

b. 25 ounces d. 2 pounds 

12. Which of the following chemi- 
cals would you use to control sludge 
fluicjity in the boiler? 

a. antifoam 

b. tannin 



\ 

c. sodium sulfite 

d. phospha^ ^ 

13. Several methods are used to 
place water-treatment chemicals into 
the boiler water. Which of the following 
statements do you accept as a correct 
procedure? 

a. dissolve taimin in cold water 

b. 'add chemicals to water, not water 

to chemicals 

c. dissolve caustic soda in hot water 

d. mix sodium sUlfite in hot watei: 

14. In a phosphate test, the boiler 
water is considered satisfactory if the 
water sample comes I^etween what two 
standards in the comparator? 

a. 20 to 50 ppm 

b. 25 to 55 ppm 

c. 30 to 60 ppm 

d. 35 to 65 ppm 

15. You should prevent the impuri- 
ties in the water from collecting on the 
boiler heating surface because they^ 

a. sl6w water current 

b. cool boiler metal 

c. cause hot spots ^ 

d. coinplicate boiler cleaning 

16. How are the sections of high- 
pressure steel sectional boilers* usually 
joined together? 

a. bolted c. hooked 

b. welded d. riveted 

17. Which of the following boilers 
would you install for low-pressure and 
low-capacity purposes? 

a. box-header cross drum 

b. box-header longitudinal 




c bent-tube 
d. fire-tube 

18. Which of the following boilers 
haa its firebox constructed separately of 
firebrick? • 

a. HRT 

b. firebox 

c. water tube 

d. Scotch marine 

19. You have received a heating re- 
quirement to provide 700,000 pounds of 
steam per hour. What type boiler do you 
select for this task? 



locomotive 
water tube 



c/ Scotch marine 
d. fire tube 



20. ^The water column that is con- 
nected to the boiler helps prevent fluc- 
tuation of the water level in the 

a. boiler feed tubes 

b. gage glass valves 

c. gage glass ^ 

d. gage cocks 

21. The following give the square 
feet of heating surface of 4 boilers. On 
which boiler would you install/two or 
more safety valves? 



a. 



300 
400 



d. 



500 
600 



22. A fusible plug in a boiler should 
be replaced every 



a. 
b. 



week 
month 



c quarter 
d. 12 months 



23. The boiler feed-water control 
unit maintains a fixed water level. When 
the water in the boUer becomes danger- 
ously high or low, this water control 
unit provides for. ^ 



a. - a safety valve to open 

b. a fusible plug to blow out 

c. ringing a bell 

d. a low-water cut-off to shut off boiler 

24. You are installing two blow- 
down lines on a 150-psi stationary boil- 
er. How many valves woiUd you install 
on each blowdown pipe? 



a. 
b. 



1 
2 



c 3 
d. 4 



25. How would you install the 
steampipe of a conduit typ^ distributicm 
system? *^ 

a. inside a conduit in the ground below 
frostline 

b. in covered steel container on ground 

c* in each tunnel just above frostline 

d. elevated aboveground in asbestos 
container 

i 

26. While inspecting a twq-pipe 
vapor system with a condensate pump, 
you find that one radiator will not heat. 
Which of the following is the most likely 
cause? * ' 

a. too much coi^densate ' 

b. defective condensate pump^ 

c. too muchrsteam pressure 

d. inoperative steam 



tr^ 



27. In what jflistribution system is 
the cast iron pidiator generalljb used? 

a. two-pipe 

b. tWo-pipe^ 

c. one-pipe 

d. one-pipe vapor ^ ^ 

28. In the storage-type hot water 
tank, the stored water temperature 
should not exceed 

3 
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a. 170** P 

b. 180** P / 

c. 185° P * 
200° P 

29. In your maintenance of expan- 
sion joints, how often would you lubri- 
cate the slip-type joint? 

a. monthly . 

b. every 3 months 



every 6 months 
d. yearly 

30. How oftin Would you check the 
bellows-type expansion joint? 

a. monthj^ 

b. quarterly ^ 

c. semiannually 

d. annually. 
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^ 0 PREFACE 

THIS MEMORANDUM is written for personnel in the Army whose 
duties require them to have a knowledge of steam heating. ^ ^ 

The discussions in four chapters of this volume are directed toward 
steam heating. In the first chapter there are discussions about feed-water, 
condensate, and pump systems. There is- information on water feeder syS; 
tems, gravity condensate return systems, the steam-driven 'pump system, 
the centrifugal rotary pump, the injector feeder system, and water condi- 
tioneris. 

The second chapter covers the characteristics of water, the purpose • ^ 
and types of water treatment, anCthe cfontr'ol of water treatment. The 
thijd chapter contains information regarding the requirements, types, V 
installation, operation, and^maintenance of steam boilers^; also the fittings 
and accessories for boUers. The third chapter also contains informaticm 
regarding boOer requirements dnd boiler and pipe identification markings. 
The fourth chapter provides infonriation about the external and internal 
steam distribution systems. The discussions describe various types 'of 
distribution systems and tell about installing, operating, and maintaining 
the systems and their components. 

Keep this memorandum for your use. 
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CHAPTER 1 



Feed-Woter Condensate, and Pump Systems 



SURELY YOU HAVE attempted to inflate an 
automobile innertube by lung power, and you 
found that you could not fully inflate the tube. 
This was true because you were unable to force 
in any more €tir alcove the maximum pressure 
you were able to build up in the tube with your 
lungs. - " 



1. Steam boilers must be filled with the cor- 
rect amount of water before the heat is applied. 
The wdter level for fire-tubA boilers must be 
maintained at least 2 inches above the top row 
of tubes. At the time the Boiler is fired, the feed- 
water system must be ready for operation. 



1. F^^d-Wofdr, Systems 



2. If you have visited some steam-heating ^ simplest method of feeding water into 
plants, you probably noticed tliat the boilers oper- ^ ^^^^^^ pressure in tfie wat^- 
ated at high pressures. Thei^^you, no doubt, ^^^^^ ^ ^^^^ ^^^^^ manuaUy 
wondered how water was fed Into these boilers automatically. Most miUtsiy steam boiler 
against those pressures. Prom your experience ^j^^ ^^^^ automatic devices, for controlling 
with the innertube, you know that the water must ^^.^^^ ^^^^^ j^^^j' ^^^jj^j. 

be placed under greater pressure than the pres- feeding of water into the boiler. The position of 
sure existing inside the boiler before it can be control and its relationship to the water level 
forced into the boiler. For this reason, depend- ^^^^^^ ^^^^ Boilers liav- 
able and efficient systems are designed to feed ^^^^ ^^^^ heating surface or more, 
water under pressure into boilers at frequent In-. ^ ^^jj ^ ^^^^ pressure boilers (those operat- 
tcrvals as the steam is used. Feed-water systems .^^ ^^^^^ p^j^ are considered high pres- 
now varyvfrom the simple type of water-mam ^^^^^^ ^^^^ ^^^^ ^^^^^ different ways of 
supply and gravity-retum^system to the complex providing feed water. These ways consist of vari- 
pumping system used in a high-pressure multiple- combinations using steam pumps, electric- 
boiler installation. driven pumps, water-main pressurcf, and injectors. 

3. During your career you may have the op- 3, xhe water that is fed into a boiler is 
portunity of working with all types of feed-water. normally a combination of fresh makeup water^ 
condensate, and pump systems. You should be taken from the base water main, and return con'- 
ready to help do the jobs when the time comes. . densate. Most installations include pipe that 
In this chapter we are going to start you off with returns condensate water froip the distribution 
discussions regarding the basic principles related system to the boiler. The pipe used is extra strong 
to the operation of these systems and the con- steel pipe or wrought iron pipe. The return is 
struction of system components. done either by means of gravity or by pumping. 



4 The discussions will tell you about the con- You ask what is condensate? Condensate is the 
struction and operation of feed-water supply sys- water that accumulates m the distnbution system 



o water conditioners. 



tems, gravity-condensate return systems, steam- 
driven pump systems, centrifugal rotary pumps. 
Injector feeder systems, feed-water heaters, and 



5. Water must be fed into a steam boiler at 
frequent intervals to replace watfer lost by the 
heating system during operation. The subsystem 
designed to replace this boiler water with feed 
water is called the feed-water system and will be 
discussed first., 



as the steam cools and condenses. Generally, the 
condensate is not of sufficient quantity to make 
up for all the water that a boiler requires. There* 
fore, some provision is made to add fresh water 
to the boiler water. The fresh water provided is 
usually called makeup water. 



4. Automatic Feed* Modem feed*water instal- 
lations have automatic controls. The standard 
automatic feed-water control is a float. It is in- 
stalled at the normal water-level mark, shown on 
the boiler, so that it will maintain the water at the 
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Figure 1. A typical water-level control installation. 



normal boiler water level. When boiler water is 
changed to steam, the boiler water level in the 
boiler and the control both drop. The float drops 
until itVeaches a predetermined point. Then, a pair 
oiE electrical contacts, . attached by linkage to the 
float, make contact with each other. This action 
starts the . feed-water pump. The feed water is 
pumped into the boiler, raising the boiler water 
to the correct level. When this happens, the rising 
float causes the electrical contacts to open and 
shut off the' pump. 

5. When the pump cannot pump sufficient 
water into the boiler because of excess load or 
other reasons and the water level contidues to 
drop, the float reaches another predetermined 
point and another set of electrical contacts closes 
the circuit to set off an alarm bell. Still another set 
of contacts opens to break a different circuit, thus 
stopping the operation of the fuel-burning equip- 
ment. A typical feed-water piping arrangemfent is 
shown in figure 1. 

6. Manual Feeder. In the event that the auto- 
matic control becomes inoperative, there is 
normally a bypass piping arrangement installed 
to provide makeup water to the boiler manually. 
A commonly used bypass piping hookup is shown 
in figure 2. When the automatic control fails to 
operate and you must feed the water manually 
through the bypass system, close the handsApcrated 
valves for cutting out the automatic regulator and 



open thp hand bypass valves. You watch the 
water level very closely and regulate it by opening 
or closing the hand bypass valves. Of course, the 
automatic regulator must be repaired or replaced 
as soon as possible. The common control that we 
have just discussed is not the only means of auto- 
matically controlling the boiler water level; other 
methods and devices will be discussed later in this 
chapter. First however, we are going to discuss 
some gravity-condensate return systems. 
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Figure 2. A manual bypass. 
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^CONDENSATE RETURN LINE 



Figure 3. A typical Hartford loop installation, 

2. Gravity Condansate Return Systems 

1. In many military steam-heating inatalla- 
tions. you will find the condensate being returned 
to the boiler plant by means of pumps, which 
will be discussed later in this chapter. At this 
time, however, we are going to discuss re- 
turning the condensate to the boiler by means of 
gravity. Two types of gravity-return systems are 
the Hartford loop and the mechanical-return trap 
systems. 

2. Hartford Loop. The pressure in the return 
system must be equal to that in the boiler, to 
make possible the return of condensate by gravity. 
One method of 'balancing the return water and 
steam pressure is the Hartford loop, illustrated in 
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figure 3. This method brings the return line up 
to the boiler-water level and connects at this point 
to a steam line that comes down from the top of 
the boiler. At the junction of the steam line and 
the return line, a third line drops down to the 
boiler-return connectipn. At the junction of the 
three lines, the steam pressure and return-water 
pressure are balanced, and the water, being heavier 
than steam, will return to the boiler. 

3. Mechanical Return Trap. The mechanical 
return trap in the steam system, illustrated in 
figure 4, is another method that is used to balance 
the pressures and allow the water to return to the 
boiler by gravity. The trap is vented to the atmos- 
phere and is connected to the steam line and the 
condensate return line. Two swing-type check 
valves (one located on each side of the tee con- 
nection to the trap) are necessary for the operation 
of this system. 

4. When the boiler pressure is quite low,Jie 
condensate returns to the boiler by gravity, but 
when the boiler pressure exceeds 1 pound, check 
valve A, shown in figure 4, is held closed and the 
condensate water backs up into the return trap. 
When the water level in the trap reaches a pre- 
determined point, the float closes the air vent and 
opens a pipe leading to the top of die boiler. With 
the air vent closed and the boiler line opened, the 
pressure in the trap immediately equalizes with 
the pressure in the boiler. When this happens^ 
the pressure on each siSe of check valve A 
becomes equal and the weight of the water causes 
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Figure 4. A mechanical retum-lrap steam system. 
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Figure 5. A duplex steam reciprocating pump. 



it to swing open and allow the condensate to flow 
into the boiler. The check valve B, shown in 
figure 4, prevents the pressure from backing up 
the water into the return line. When the trap is 
almost empty, the steam valve closes, the air 
vent opens, ^d the trap begins to refill. 

5. Although the feed water is supplied to the 
boiler automatically, it does not relieve the oper- 
ator from the responsibility of periodically 
checking the water level by means of the water- 
glass gage and the gage tocks. 

3. Steam*Driv«n Pump System 

1 . The water-main feed system with a gravity 
return for the condensate cannot be used with 
high-pressure boilers because the pressure in the 
water main is not great enough to overcome boiler 
pressures. Consequently, a pumping system must 
be used. Steamplants that use pumps for both 
the regular feed system and the standby system 



must have at least one of the pumps steam driven, 
Otherwise; a third method such as a steam-driven 
injector must be installed. Most ^team pumps 
are of the duplex type. The duplex pump, illus- 
trated in figure 5^ consists of a piston rod having 
a steam piston and a . cylinder at one end ^d a 
water piston and a cylinder at the other end. Both 
cylinders are cast together as one unit 

2. The steam sections of duplex pumps are 
normally controlled by slide valves mounted above 

^the cylinders and operated by the piston rods 
^through rocker arms and valve rods. The details 
of one side of such a pump are sho\^ in figure 
6. Each water cylinder has an intake valve and 
an outlet valve operated by the suction and pres- 
,«sure caused by the movement of the pistons. 

3. There are many ways of controlling the flow 
of steam to a steam-operated pump. The operation 
of the pump, in one method, is controlled by the 
water-level control on the boiler. The water-level 
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Figure 7. A steam pump controlled by a diaphragm 
valve. 

control op«;ites a steam valve which opens to 
allow steam u^flow to the feed pump when water 
is needed by tHp^ boiler. When the pump has re- 
placed the ro^uired amount of water, the steam 
valve closes and stops the pump. When the feed 
water is too hot, 212'' F. or higher, the pump will 
not operate, properly and will exceed its normal 
speed, thus causing damage to the pistons and 
cylinder jieads. The normal speed of the pump 
is from 5 to 50 strokes p€T minute. 

4. Another ipethod has the flow of steam 
going to the pump controlled by a diaphragm 
valve located in the steam supply line, as shown 
in figure 7. The valve is opened by spring pressure 
appUed on the underside of the diaphragm and 
closed by water pressure applied on the top of 
the diaphragm. The water pressure for closing 
the valve is supplied by a pilot line running from 
the boiler feed line or pump discharge. When 
the boiler water-level control calls for water, a 
valve in the feed line opens and allows the pressure 
in the pilot line to drop. The spring then opens 
the diaphragm valve and allows steam to flow to 
the pump. The pump now starts, and it supplies 
feed water to the boiler. When the boiler require- 
ments arc satisfied, the water-level control closes 



the feed valve. The closing of this feed valve 
creates an increase in pressure in the feed line. 
This increase in pressure is transmitted to the dia- 
phragm through the pflot line and closes the valve. 
This action shuts off.the steam supply to the pump 
and the pump stops. 

5. The water piping between the boiler and the 
steam pump is siinilar to that of the water-main 
supply system. The supply of water to the steam 
pump is taken from.ajcondensate receiving tank. 
The water piping between the boiler and the 
steam pump is shown in figure 7. 

6. Steam-Pamp Maintenance. The steam pump, 
will give years of satisfactory service if it is properly 

' maintained. Give particular attention to the lubri- 
cation of the pump. Lubricate all external moving 
parts frequently with mineral oil. If the pump is 
equipped with a lubricator, you keep the lubricator 
filled with the type of oil recommended by the 
manufacturer. In most cases the manufacturer 
furnishes complete maintenance instructions with 
the pump; however, there are some things you 
shouldu^spect whethefi or not these instructions 
are furnished by the manufacturer. 

7. These inspections should include examining 
for leaks around the packing glands, which cause 
the loss of condensate and create the hazard of 
burning the operator. The leaks can be stopped, 
in most instances, by tightening the packing- 
gland nuts. You should use extreme caution when 
you tighten these nuts. If they arc drawn down 
unequally or excessively, the packing will score 
or scratch the shaft. This condition causes the 
leak to become even worse than before. 

8. When a packing^^^^^d continues to leak 
water or steam after the packing-gland nuts have 
been tightened, it is best to let it leak imtil the 
pump can be shut down and the gland repacked 
or the shaft refinished as necessary. Again, we 
remind you that for the most efiicient results these 
repairs and adjustments should be made in accord- 
ance with the manufacturer's recommendations. 
These instructions generally vary with each 
different type of pump. * 

9. Thermo-Expansion Water-Level Control. In 
some big steam feed-water systems you will find 
two large water-level controls, which are commonly 

^ referred to as feed-water regulators. One of these 
controls is the thermoexpansion type, as shown 
in figure 8. It has an expansion generat<>r called 
a "thermostat," which consists of a metal tube 
mounted on a rigid frame. The tube is connected 
to the boiler at about the normal water level 
much the same as a water colunm or gage glass. 
,The tube is fastened at one end and is free to 
move at the other end. Linkage connects the free 
end of the tube to a valve bcUcrank, which, in 
turn, opens and closes the regulating valve. The 
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bellcrank has its fulcrum point attached to the 
valve. 

10. When the water level in the boiler drops, 
more steam is allowed to enter the tube and heat 
it More steam causes the thentiostat to expand 
and operate the linkage that opens the valve. This 
allows more feed water to be forced into the 
boiler. As the water level in the boiler rises, less 
steam is admitted to the tube of the thermostat; 
consequently, the tube cools and contracts. The 

S operation of the linkage and bellcrank this time 
closes the regulating valve. 

11. Thermohydraulic .Water-Level Control. 
Another water-level control is the thermo- 
hydraulic type, also conunonly called a regulator. 
This unit is made up of a generatbr and a regu- 
lating valve, as shown in figure 9. The generator 
consists, of an outside tubd and an inside tube. 
The outside tube is filled with water, except for 
some space left for the generation of steam. This 
routside tube also has fins on the exterior to increase 
its cooling rate. The outside tube is connected 
by other tubing to a bellows in the regulating valve. 
This makes it a closed system. The inside tube 
is connected to the boiler shell in much the same 
way as a water column or a gage glass. The regu- 
lator is mounted at the boiler water lin^; there- 
fore, the inside tube contains both steam and water. 

12. The regulating valve -is opened or closed 
by the water in the closed system of flie outside 
tube, whiA actuates the bellows in the regulatmg 
valve. Thus, the valve controls the flow of water 
to the boiler. When the water level in the boiler 
drops, more steam is allowed to enter the inside 
tube. The heat from the steam in the inside tube 
is then transferred to the water in the outside tube. 
This causes the water to change to steam, The 
steam, in turn, creates pressure in the closed 
system of the outside tube. This increased pres- 




Figure 8, Thermoexpansion water*level control 




Figure 9. Thermohydraulic waterAeyelj^ontrol 



sure acts on the bellows of the regulatmg valve 
and opens the vafVe. This allows water to flow 
into the boiler, 

13. When the water level rises, less steam 
goes into the inside tube. The tube then cools and 
less heat is transferred to the outside tube. The 
steam m the outside tube cools and condenses' 
from steam to water, thus relieving the pressure 
on the bellows in the regulating valve. When the 
pressure on the bellows is removed, the regulating 
valve closes. This shuts off the water to the boiler. 
The closing of the valve is accomplished by the 
spring located in the valve body, which is shown 
in figure 9. 

4. Centrifugal Rotary Pump 

1. Many boilerplants use some type <jf centrif^ 
ugal rotary pump to feed water into a boilen The 
centrifugal pump construction varies slightly with 
different manufacturers. In general, however, the 
centrifugal pump is simple in construction. It 
discharges water at a uniform rate of flow and 
pressure. In most cases, the pumps dp not contain 
valves or pistons! Centrifugal pumps generally 
operate at high speeds and can handle water even 
though it contains sotne small particles of fbreign 
matter. To illustrate centrifugal force let us 
imagine that a man is whirling a bucket of water 
rapidly around and around in a circle. The out- 
ward pull, or centrifugal force, developed by thi$ 
whirling action holds the water against the bottom 
of the bucket without spilling— even when the 
bucket is upside down. 

2. To apply the principle of the whirling 
bucket to centrifugal pumps, suppose you have 
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Figure 20, The principle qf the centrifugal pump. 



a number of bottomless buckets rotating about a 
center, as shown in detail A, figiu-e 10. The dnmi 
wall against which these buckets rotate forms a 
continuous bottom. As the buckets rotate, the 
water is held against this continuous bottom by 
centrifugal force. 

3. Now, suppose that the buckets are arranged 
in pie-shaped fashion as illustrated in detail B, 
figure 10. When the buckets rotate, they produce 
the same effect as a paddle wheel revolving in a 
drum-shaped container. Because of centrifugal 
force, there is a continuous liquid pressure all 
over the circumference of the container. 

4. Let us further suppose that we have 
increased the diameter of the container, as indi- 
cated in detail C, figure 10, The purpose is to 
provide a space (a, detail C) for liquid between 
the ends of the paddles and the drum. The 
wedge-shaped buckets now have a liquid bottom, 
but the action remains the same as before. The 
rotation of the liquid in the buckets, because of 



centrifugal force, pushes outward against; the 
liquid bottom, thus producing pressure on the 
liquid in space (a), 

5. If an opening were made in the drum, this 
pressure would cause the liquid in the space (a) 
to be discharged. Now, let us go a step further 
and suppose that we provide a central opening in 
the coniainer whereby the buckets will be con- 
tinuously filled with liquid; also, let us provide 
a source of power to rotate the paddles. These 
additions make possible a continuous flow, as 
illustrated in detail D, figure 10. 

6. The centrifugal pump has two major dis- 
advantages: (1) It has a comparatively low 
efficiency and (2) it is unable to discharge air or 
vapor. However, its advantages more than offset 
its lower efficiency. The inability of the pump to 
discharge air can be overcome by correct piping 
installation and proper operation practices. In 
some cases you will find that the pump has not 
been correctly mstalled to provide for air elimi- 
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Figure 11. A centrifugal pump. 
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Figure 12, An impeller. 



nation, nor has it always been properly operated. 
Therefore, you will frequently be required to bleed 
the pump. Otherwise, the piping and the operating 
practices will have to be changed to prevent air 
from entering the pump. ^ ^ 

7. There are many different types of pumps 
that employ the centrifugal rotary principle. 6f 
these, the turi^ine desi^ is very suitable for use 
as a feed-y^ater pump because of its high*discharge 
pressure. The discharge pressure nmst be suffi- 
ciently high to overcome the boiled operating 
pressure. The pump consists of an impeller shaft 
and housing with' bearings, as shown in figure IL 
The liquid enters the pump and is carried around 
the inside by the blades of the impeller and 
forced out through the discharge opening which 
connects with the boiler feed line. 

8. The impeller, illustraticd in figure 12, 
consists of a number of small vanes mounted 
around a hub. The vanes act as pockets with 
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Figure 14. Piping arrangement for an eUctricaUy-driven 
feed-water pump. 

which to pick up the liquid and carry it to the 
discharge Ojutlet. The pump is usually equipped 
with factory-sealed baU bearings which do not 
require any lubrication. ^ 

9. Feed-water pumps can, adapted to an 
automatic control by operating them with electric 
motors. The feed-water control, shown in figure 

13, attached to the boiler operates an electrical 
switch by means of a float, in accordance with 7 
the water level in the boiler. The switch* closes 
and energizes an electric -circuit which starts the 
operation of an electric motor when the boiler 
requires water. After the boiler is filled to the 
correct level, reverse action takes place, causing 
the electric motor to stop. 

10. The piping arrangement for a boiler with 
an electric feed-water pump is Ulustrated in figure 

14. This piping arrangemdht is- provided with a 
valve installed in the pqping between the condensate 
receiver an(^ the pump, and still another valve 
between the pump and the boiler. By closing these 
valves, you can repair or replace the pump without 
interrupting the operation of the boiler. However, 
when this pump is taken out of service, the 
standby feed-water system must be placed in 



operation. The standby feed-water system usually 
is a boiler steam injector. ^ 

11. Before starting a new pump or one that 
has been idle for a long period of time, you 
should turn the pump shaft by hand io see thm 
the impeller is free. Also, be sure that all valv^ 
in the feed line between the pump discharge and 
the boUer are open. Your failure to do these things 
can result in damage to the pump and the motor. 
Before 4)utting this type of pump into operation, 
you should insure that the mounting bglts are tight 
and that the motor and pump are properly aligned. 
Improper alignment can cause damage to the 
couplings and bearings, and result in a bent pump 
shaft. If the water supply inlet is lower than the 
pump, it may be necessary to prime the Ipump. 
This is done by removing the priming plug, shown 

' in figure J 5, and pouring water into the pipe until 
the pump will start pumping water. There should 
always be a nonreturn or check valve installed 
between the boiler and the pump discharge. This 
prevents hot water or steam from traveling from 
the boiler to the pump and causing damage to 
the pump parts. ( 

12. Operator's maintenance of the electrically 
driven feed pump consists mostly of cleaning the 
pump and motor. However, the pump motor is 
lubricated according to the manufacturer's specifi- 
cations. Remember that not using enough lubri- 
cant can result in the bearings running dry or 
seizing on the motor shaft. But, too mucb lubricant 
causes the motor to become dirty, and it can 
result in the motor windings becoming saturated 
with^oil and burning out. 

13. However, when a water leak develops 
around the pump shaft, it is necessary to tighten 
the packing-gland nuts or repack the stuflSng box 
as necessary. The strainer installed between the 
pump and the condensate receiver should be kept 
clean to avoid any restriction of the flow of water 
to the pump. 
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Figure 15. The location of the priming pump. 
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5. ini^'ctor Feeder System 

1. The injector ik beat known as the locomotive 
boiler feeder, but it is al3o used to some extent 
by the military in boiler plants as an emergency 
reserve- or standby feed unit. It is used when 
pumps or other means of deeding water fail. One 
drawback to using the injector is that it will not 
feed water when the water is very hot. Under the 
best conditions, the injector will lift 120^ F. water 
approximately 14 feet. 

The installation of an injector is compar- 
atively simple; it is mounted on the side of the 
boiler. Four line connections are imader to the 
injector: the steam supply 4ine froi<nBe43eiler^^ 
the water supply line from a. reservoir, the dis- 
charge lin^to the boiler feed-water inlet, and the 
water overflow line. 

3. The controls for an injector consist of a 
steam supply valve, a water supply valve, a dis- 
charge valve to the boiler, and a check valve in 
the discharge line. A typical installation of an 
injector and the piping is sliown in figure 16. The 
injector shown in figure 17 consists of a steam 
nozzle, combining tube, deUvery tube, rin^ valve, 
overflow valve, and injector body^ 

4 Some degree of skill is requirelj to start an 
injector, but once it is operating, it will continue 
to operate untif the operator manually shuts it 
down To start the injector, the operator first 
opens the water supply valve about one full turn. 
■ « 
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Figure 16. A typical iniector installation. 
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Figure 17. A cutaway of a steam injector. 

Then-, he quickly- turns the steam supply valve 
all the way open. Steam rushes into the combmmg 
tube of the injector; and as it speeds Pastth* water 
supply opening, it creates a suction that draws 
water through the opening mto the combmrng 
tube. -Water and steam are then mixed together 
inside the injector and the steam pressure opens 
a valve that leads to the boiler. In the meantime 
there is an excess of water in the 'njector which is 
discharged through an overflow valve. Next, the 
operator slowly turns the water supply valve 
toward the closed position until the overflow 
stops. The overflow valve has closed and aU ot 
the water being picked up from the supply line 
is going into the boiler. 

5 The water supply should not be hotter than 
120° F. for the injector to operate. If several 
unsuccessful attempts are made to operate tne 
injector, it becomes very hot and will not prime. 
It is necessary to pour cold water over the mjector 
until it is cool enough to draw water from the 
supply when tiie steam valve is opened. 
' 6 Injectors require very little maintenance. 
After a period of time, it will be necessary to reseat 
the overflow and rin^ valve. Lime deposits from 
the water also can reduce tiie operation by closing 
down the size of the combining and deUvery tubes. 
Placing the injector in a container of muriatic 
acid for several hours wUl remove tiie lime 
deposits. 

7 It is necessary to remove tiie bottom plug, 
showp in figure 17. to clean the injector. The 
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delivery tube and ring valve will drop out. After 
cleaning the passages and holes, the delivery tube 
• and the ring valve arc^-fcp faccd b y setting them 
in the plug (which acts as a guide) and scre>ying • 
it tightly in place. 

6. lFMd-Wat«r H«at«rs 

1 . A feed-water heater is used to increase the 
efficiency of boiler operation by heating the feed 
water. The hotter the feed water is, the less is 

. the amount of fuel required to bring the water to 
the boiling point. This preheating often results 
in economy. 

2. Feed-water heaters raise the temperature of 
the makeup water by using the exhaust steam 
from boilers or the hot flue gases from smoke- 
stacks. Heated water liberates the oxygen and 
other gases carried in the water» The liberation 
of these gases, in turn, decreases oxidation in the 
boiler and the steam distribution system. The use 

<Jof^the heat from exhaust steam that would other- 
wise be lost increases boilerplant efficiency 1 
percent fo^each 10** increase in feed-water tem- 
perature. There are several types and designs of 
feed-water heaters available, and each unit differs 
according to the manufacturer. In general, how- 
ever, feed-water heaters may be divided into 
three types: open, closed, and economizers. 

3. Open-Type Heater. The open-type feed- 
water heaters, illustrated in figure 18, heats water 
by direct contact with the s^eam. These heaters 
are usually cylindrical in shape and have an air 
vent located at the top. Steam enters the side of 
the heater through an oil separator. The water 
to be heated, usually from the condensate return, 
enters at the top and is distributed over the trays 
in rainfall fashion. The steam comes in direct 
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Figure 18, Open-rype feed^water heater. 



contact with the water and is condensed as the 
water is heated. Oxygen and other gases are 
liberated to the atmosphere through the vent. 
Such heaters are provided with a sight glass that 
indicates the water level (not shown), a drain 
valve for draining the solid materials which settle 
to the bottom, and a regulating float valve in the 
supply line. Some heaters have provisions for 
skimming any foreign matter that collects on the 
surface of the water in the heater. 

4. Closed-Type Heater. The cloflcd-type feed- 
water heated is constructed so that the steam 
which heats the water and the water do not come 
into direct contact They are separated from each 
other hp metal surfaces such as tubes. The tank 
of the heater is supplied with steam, and the water 
passes through tubes heated by the steam. Figure 
19 illustrates a typical closed-type feed-water 
heater. The closed-type feed-water heaters are 
not very common on ihilitary installations; how- 
ever, some posts have them installed. 

5. Economizer-Type Heater. The economizer 
is another unit used to heat feed water. Econ- 
omizers have horizontal tubes that are arranged 
in staggered, closely spaced rows. The tubes are 
placed in the path of the hot flue gases, and the 
water flows inside the tubes. As the hot flue 
gases pass around the tube, the water inside is 
heated. The water can flow either upward or 
downward through the economizer. However, 
the upward flow is preferred when there is a 
possibility of steam being generated in the tubes. 
When a downward-'flow economizer is used and 
some steam is generated, there is improper cir- 
culation through the unit. 

6. The maintenance of feed-water heaters and 
economizers normally includes removing the solid 
matter that accumulates in the unit; stopmng 
steam and water leaks; and repairing inoperative 
traps, floats, valves, pumps, and other such 
associated equipment. 

7. Now that you have finished your study of 
the discussions regarding the methods of heating 
feed water, we believe you will be interested to 
know about water conditioners. 

7. Wat«r, Conditioners 

1. Water conditioners are used to soften and 
otherwise condition the feed water before it is 
fed into the boiler. This work is accomplished by 
removing the minerals that cause hardness, oxygen, 
and foreign matter from the water. ^ 

2. Water Softeners. The first group of these 
water con^tioners that we have selected to> dis- 
cuss is the water softener. Military installations 
normally use three processes for water softening: 
the sodiiun-zeolite, the lime-soda, and .the hydro- 
gen-zeolite. 
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Figure 19. Closed-type feed-water heater. 



3. Sodium-zeolite. The pre3sure-type sodium- 
zeolite softener consists of a steel shell which 
contains a bed of zeolite supported by several 
layers of graded gravel. These softeners may 
be operated either manually or automatically. 
A manually operated water softener is shown in 
figure 20. 

4. The water is admitted to the upper portion 
of the shell and passes over the zeoUte bed. There 
the ions of calcium and inagnesium, which 
cause the hardness in water, are attached to the 



zeolite and replace the ions of soluble sodium salt. 
This action is called ion exchange. Then, the 
wat^ that has passed through the bed of zeolite 

passes on through the gravel bed and collect 
in an underdr^dn system. The accumulated soft 
wate/ is dischargejl to tfie feed-water system and 

, go^/to the boiler as retired. 

5/ You will find the capacity of most water 
softeners stamped on a plate mounted on the unit. 
Nov, you are perhaps wondering what happens 
wh^n the softener reaches its rated capacity? Or, 



12 



^3 



you would like to know why sodium salts are 
placed in the softener to be exchanged for the 
calcium and maenesium ion^; 

6. When a wa^er softener reaches its capacity, 
as deteiroinfed by a soap test, the^oftener is 
put through a process called brining. The 
brining process is done to regenerate the zeolite. 
A predetermined volume of saturated brine is 
admitted into the softener, and the soluble 
sodium salt ions replace the ions of calcium 
and magnesium. The directions for mixing the 
brine are usually furnished by the softener 
manufacturer. The brine is usually a mixture 
of rock salt and water. 

7. When the brining process is finished, the 
softener must be rinsed with a predetermined 
amoupt of clean water. During the rinsing, the 
water is allowed to flow over the zeolite from top 
to bottom. This washes the chlorides of calciii^, 
magnesium, and excess salt into the drain. After 
this,^ the softening cycle may start all over again. 

8. When you know the capacity of a water 
softener, you can check its performance efficiency. 
For example, if a sodium-zeolite unit has an ex- 
change capacity of 2S0 kilograins [t kilograin 
(kgr) is equal to 1000 grains (g)] and the raw, 
unsoftened water has 10 g of hardness per gallon, 
the unit "can soften 25,000 gallons (250 kgr X 
1000 g-f- 10 g = 25,000 gal) of water between 



regenerations. Should the unit show the need for 
regeneration after processing only 20,000 gallon5 
of the same 10-grain hardness of water, then the 
. . : 20,000 gal 

efficiency of the umt is 80 percent 25 000 gal 

X 100 percent = 80 percent). Yoij/should often 
check the efficiency of the water softener. If it 
shows a marked decrease in efficiency, you should 
determine whether the hardness of the vaw >vater 
has changed or if the change is due to other factors. 

9. Lime-soda, The lime-soda softener is used 
to precipitate the hardness salts of ^calcium and ^ 
magnesium from the water. A typical limcrsoda 

^ water softener is shown in- figure 21. When using 
this hot process lime-soda water softener you 
should strictly • follow the manufacturer's 
instructions. ^ « 

10. The hard water is heated to 212*' F., or 
higher, by using live steam or exhaust steam in a 
jet, tray, or >deaerating heater. The high oper- 
ating temper^ure develops maximum treatment 
efficiency. A .mixture of lime and soda ash is 
added to the hot water causing the hardness salts 
to precipitate. The soft water settles to the bottom 
of the tank, then rises through the juptake cylinder, 
and flows to the plter. The softening process takes 
from 1 to 2 hours. The filter removes the remain- 
ing precipitate and leaves the water clear. The 
heater element must be thoroughly vented at all 
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Figure 20. ^Si^ium-zeotite soft^e^ : 
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Figure 21 . Lime-soda softener. 
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times 30 that the dissolved gases will be removed. 
The softener should be regenerated in accordance 
with the manufacturer's iaratru^tions, 

11, Lime-soda softening equipment requires 
special maintenance to insure the efficient opera- 
tion of heaters, filters, and chemical feed pumps. 
All equipment including pumps, meters, valves, 
motors, and the like, must be inspected periodical- 
ly and adjusted according to the manufacturer's 
instructions in order to get proper sepvice frcfai 
the unit. 

12, Hydrogen -zeolite. The hydrogen -zeolite 
acid cycle softener is used when it is necessary to 
reduce alkalinity and soften the water at the same 
time. Consequently, these softeners are not widely 
used in the military. This type of water softener 
is used ^ly where special water problems are 
involvexl. The softeners themselves can present 
quite a problem when they are not properly oper- 
ated. When you are adding acid to the water, 
you can very easily develop a<jid corrosion in the 
system, 

13, The proper operation and maintenance 
procedures are normally furnished with the 
softener by its manufacturer. Hydrogen-zeolite 
softeners vary considerably with each imit ; there- 
fore, we will not attempt to discuss the differences 
in each of these units, 

14, Deaerators. Deaerators and deaerating 
heaters are of the tray type and the spray type, 
depending upon the method used to break up the 
water. Figure 22 illustrates a t;ray-type deaer- 
ating heater. During operation, the water passes 
through the vent condenser, enters the spray dis- 
tributor, and is sprayed upward. The water breaks 
into small droplets and is forced into intimate 
contffet -with the steam. Most of the noncon- 
densable gases are eliminated and the water is 
heated almost to a steaming temperature. When 
the water reaches the temperature of saturated 
steam, corresponding to the pressure in the 
deaerator, the gases are completely liberated. The 



deaerated water then goes from the tray section 
into the storage reservoir. 

15, A float assembly (not shown) similar to 
the ones shown in figures 21 and 23, that actuate 
the water-control valves, controls the water level 
in the tray-type deaerating heater. The steam 
enters through a nozzle in the side of the\shell _ 
and flows through perforations in the top plate 
of the tray section. Here it meets the water 
sprayed upwards from the distributor. Most of 
the steam is condensed by the time it passes 
through the tray stack. The remaining steam and 
any noncondensable gases enter the vent con- 
denser. There the gase^are discharged into the 
atmosphere, but the last of the steam is con- 
densed and the water drains back into the unit. 

16. In the spray-type deaerating heater the 
water is broken up by spray valves instead of 
being allowed to cascade through a tray stack. 
Figure 23 illustrates a spray .deaerating heater. 
The water is heated to t^e saturation temperature. 
Other than the differe^ice in which the water is 
broken up, the spray deaerating heater works in 
much the same way as the tray-type. 

17. Demlnerallzers. Demineralization is the 
process of removing mineral salts from the water 
by ion exchange. With most water supplies it is 
PQSsible to remove salts to an equal or even 
greater extent than would be possible by distilla- 
tion, Demineralization involves two ion exchange 
reactions. First, the cations, such as calcium, 
magnesium, and sodium, are removed in a hydro- 
gen cation exchanger. This is the same process 
as the hydrogen-zeolite cycle you have just pre- 
viously studied. In a sense you might even con- 
sider water softeners as types of demineralizers. 
Second, the anions, such as sulfate and chloride, 
are removed in an anion exchanger, which is 
usually regenerated with caustic soda. 

18, The demineralization process is expensive 
and, therefore, is limited to applications where 
severe operating conditions occur. / 
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- Figure 22. Tray»type deaerating heater. 
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CHAPTiR 2 




Treatment of Boiler Water 



FOR MAIQY YEARS man has been boiling 
water for various reasons. One important rea- 
son is for the purpose of heating his home — later 
his place of business. It was only a comparatively^ 
few years ago, however, when he discovered that 
just any kind of water should not be used in 
boilers. Up to this time the boiler operator ac- 
cepte4 a dirty boiler as a necessary evil. The only 
treatment used at t&at time to combat the dirty- 
boiler condition was an annual cleaning. In recent 
years great strides have been made in the chezdical 
development of feed-water treatment to protect 
the boiler. Today the different feed-water tests 
and treatments have been made so simple that 
the operator no longer has to be a chemist. The 
major requirements^f a good boiler operator 
are an interest in his job and the proper back- 
ground to give him a good imderstanding of his 
job. With these qualifications and the proper 
equipment, almost anyone can become a "boiler- 
room chemist.^' 

2, The chemical treatment of boiler water has 
helped to increase eflBcicncy and minimize damage 
to the boiler. It cuts down the scale formation that 
formerly collected on the internal surfaces of the 
boiler and reduces the deterioration of the boiler 
metal caused by corrosion. 

3, In this chapter you will have the opportunity 
of studying discussions that contain knowledges 
needed when you arc assigned the responsibility 
of treating boiler water. We will discuss the 
characteristics of water, reasons for water treat- 
ment and water-treatment requirements, care of 
idle boilers, condensate return and return lines, 
function of chemicals, standard high-pressure 
treatment, special treatments and chemicals pro- 
curement, mixing chemicals, admission of chem- 
icals to the boiler,, testing boiler water, and the 
control of boiler water treatment. 

4, As you study about the treatment of boiler 
water, you should keep in mind the reason for 
treating raw makeup water and boiler water. 

8. Characf«rlstles of Waf«r 

1. Natural water can be divided into two 
categories: surface water and ground water. Sur- 



face water, comes from sucn sources as lakes, 
rivers; streams, and reservoirs. Ground water is 
taken from such sources as wells, springs, and 
. /underground rivers. 

/ 2. Natural water usually contains some im- 
/ purities such as acids, scale-forming calcium and 
\ magnesium, dissolved and suspended oxygen, and 
carbon dioxide (CO2). Raw water may also 
contain particles of soil and organic matter. Water 
sources in or close to industrial areas may contain 
factory wastes. Factory.wastes often contain acids, 
alkalis, or other materials that are harmful to a 
boiler. The acids and alkalis, when not property 
controlled or eliminated, can cause metal brittle- 
ness and the corrosion that results in pits and holes 
in the boQer metal. 
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9. Purpose of Wator Trootmont 

L The major objectives of water treatment 
are to prevent boiler scale formation and corrosion. 
Successful water treatment permits ready removal, 
by blowdown, of most of the sludge, formeq by 
the treatment, in the boiler water. It proydes 
corrosion control, prevents Boiler water 
making the boiler metal brittie, eliminates ffic 
possibility of the boiler water foaming and priming 
from the boiler into the distribution lines. Water 
treatment also keeps the concentration of dissolved 
solids below the point which requires excessive 
blowdown. 

2. You notice we have fmentioned the word 
"blowdown." This is the word used by people in 
the heating field to describe the removed of foreign 
matter from the bottom of the boiler by draining 
the water from the boiler under pressure. Water 
treatment must also provide protection for other 
equipment in the system as well as steam and 
condensate return lines. It prevents corrosion or 
deposition in boiler feed lines and feed-water 
heaters. At this point we will discuss some types 
of feed-water treatment, 

3. Types of Treatment. Many of the objectives 
of water treatment are best achieved mechanical- 
ly with deaerators, softeners, and demineralizers. 
These device^ were discussed in Chapter 1 of 
this memorandum. In this chapter, however, we 
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are primarily concerned with the chemical treat- 
ment of water. 

4. The chemical treatment of makeup water 
and boiler water falls into two distinct types of 
treatment — external and internal — which are 
discussed next. 

5. External. The external treatment of water 
entails the pretreatment of makeup water to 
control its alkalinity and to remove scale-formmg 
materials and gases before the water enters the 
boiler. External treatment is subdivided into 
two general classifications. The first is the 
ion-exchange method which converts the scale- 
forming compounds of calcium and magnesium 
ions to 4ion -scale-forming compounds of sodium 
and hydrogen ions. The second is the precipi- 
tation method which provides for sedimentation 
of the scale-forming materials from the boiler 
feed water before the water enters the boiler. 
An example of the first is the zeolite treatment, 
and an example of the second is the lime-soda 
process; both methods were discussed in detail 
in Chapter 1. 

6. Internal. Many methods of internal boiler 
water treatments are used. Most of these treat- 
ments use carefully controlled boiler water alka- 
linity, an alkaline phosphate, and an organic 
tannin. The organic tannin is designed to absorb 
oxygen, to keep the boiler steel from becoming 
brittle, and to diffuse the solids in the boiler 
water. Because of the economy of treatment 
costs and the simplicity of chemical concentra- 
tion control, the eilkaline phosphate-tannin 
method of internal treatment is preferred for 
military boilers. When properly applied and 
controlled, this treatment prevents the for- 
mation of scEile on the internal boiler tubes and 
the shell. 

7. The chemical treatment of boilers is 
recorded on water testing and treatment logs 
which are forwarded to .higher headquarters 
for monitoring. The instructions for maintaining 
these logs are usually contained on the back of 
the log sheet; however, in most cases you will 
not be required to maintain the logs without 
supervision until you reach a high skill level. . 

8. Technical Assistance. Technical assistance 
is available to all military headquarters for 
training personnel in« the control of chemical , 
treatment, including testing procediires and re- 
lated problems, such as return-line corrosion, 
feed-water h^ter operation, problems pertaining 
to the ^treatment of steam, condensate boiler 
feed water, and boiler water. 

9. Water samples that are to be shipped to 
either the Bureau of Mines or a major com- 
mand for technical assistance testing are pre- 
pared for shipment in accordance with instructions 



that will be furnished by these organizations prior 
to shipment of the sample. 

10. Water TrMtmi»nt Requir«in«nts 

1. The basic requirements for the treatment of 
boiler water vary according to the materials used 
in the construction of steam distribution and feed- 
water systems. The operating pressure, the 
capacity of the boiler, and the condition ot the 
water available are also factors to be considered 
in treating the water to be use4 in the boiler. 

2. Methods of Boiler Water Treatdlejat Since 
the type of chemical treatment, method of control, 
and application vary with the type of boiler, the 
following information can only be a guide to 
water treatment. 

3. Steam steel boilers are operated at either 
high pressure or low pVessure and are consequently 
classified as high horsepower, rated at 100 horse- 
power or more, and low horsepower, rated at 
less than 1 00 horsepower. The water used in high- 
pressure steam 'steel boilers (operating at pres- 
sure above 15 psi) is treated with caustic soda 
in combination with sod^ium metaphosphate and 
tannin. Boilers under 10 horsepower are exempt, 
unless local conditions warrant such treatment. 
The water used in low-pressure steam steel-type 
boilers (operating at 15 psi or less) is treated 
with caustic soda if corrosion is noticed. When 
the formation of scale is observed, these boilers 
are treated with caustic soda in combination with 
sodium metaphosphate and tannin. The treatment 
is controlled as with high-pressure boilers. 

4. The water used in low-pressure cast-iron 
boilers is not treated unless the formation of scale 
is observed. When such ^treatment is necessary, 
caustic soda in combination with sodium Meta- 
phosphate and tannin are used as with high- 
pressure boUers>^ 

5. MetKods of Cleaning Boilers. Before a 
boiler is placed in operation, attention should be 
given to the chemical treatment of the boiler 
water. New boilers may have oil and other foreign 
materials present in the steam and water spaces. 
Used boilers often have some scale and corrosion 
present. A complete boiler inspection, by an 
approved agency, should be made prior to the 
initial operation of the boiler. 

6. boilers. After a new boiler has been 
installed, it is usually necessary to remove solid 
foreign materials left in the steam and water 
spaces during boiler fabrication. Many times oil 
is on the metal surfaces o'f new boilers and must 
be removed. The removal of the foreign materials 
and oil generally cannot be done by using only 
hot water. In most cases it is necessary to use 
chemicals in the hot water to change the form of 
the* materials in order to remove them. 



60 



/ 



7. All of the loose foreign materials possible 
should betaken from the boiler by hand. Alsa, the 
surfaces that can. be reached by hand should be 
scrubbed with a wire brush. After the bruihing, 
the boiler should be filled with water^ Thpn 3 
pounds of caustic soda, % pounds of (feodium 
phosphate, and 1 pound of sodium nitrate should 
be added for each 1000 pounds of water capacity. 
This water should be boiled in the boiler for 24 to 
48 hours. You should maintain about one-half of 
the normal operating pressure in high-pressure 
boilers. 

"^'^ • 

8. The steam generated during the boiling- 
out process shoiild not be used because it is 
usually contaminated. After the boilout has been 
completed, you should drain the boiler and flush 
it thoroughly with hot water. You should make 
sure that none of the chemicals used in the boilout 
remain in the boiler. Even after the boilout, some 
oil residue may remain in the boiler. The oil can 
cause foaming of the boiler water and con- 
tamination of the steam; therefore, adequate 
blowdown of the new boiler should be provided 
during- its first week of operation. 

^ 9. Seated and corroded boilers. Many used 
boilers contain scale and corrosion at the time 
they are being reinstalled. Other boilers in their 
present installation are in this. condition because 
of the lack of proper water treatment- When you 
are confronted with boilers in this condition, 
you should thoroughly inspect them to determine 
the extent of scaling and corrosion. If the 
corrosion appears to be serious, an immediate 
boiler inspection should be made by your com-^ 
mand headquarters or by an approved boiler 
inspection agency. The scale will probably be 
removed during the inspection. The inspector will 
"usually direct that your organization clean out 
all of the loose scale and manually remove as 
much of the scale adhering to the boiler as 
possible by brushing and scraping. Then, the 
boiler should be closed and hav^ the same amount 
of chemicals added for each 1000 pounds of water 
as for new boilers. The chemicals are added to 
the boiler at the same time water is fed into the 
boiler. The boiler should be fiHe^ to the normal 
water level. The vent openings must be left open 
so that the gases from the treated water can 
escape as the water is heated. 

10. The water is usu^ly heated by building a 
small wood fire in the furnace of the boiler^ and 
raising the temperature of the water to approxi- 
mately 200° F. You maintain this temperature 
from 24 to 48 hours. You also add makeup 
water, as required, during this period to keep 
the boiler filled to the base of the safety valve. 
The reason for filling the boiler to the bottom of 
the safety valve is to make sure that all of the 



boiler surfaces wntacted by boiler water wiU be 
treated. 

11. The treated water is tested during thfa 
boilout period. Also, enough caustic soda and 
sodium metaphosphate are added t^-^aintain 
concentrations of 300 ppm to 500 ppm (parte of 
chemicals per million parts of water) of causticity 
(caustic soda) and 100 ppm to 150 ppm of 
phosphate. At the end of the boilout period, you 
should open the boiler and remove any loose 
sludge or scale. Particularly, care should be 
taken to insure that all of this sludge is removed 
from the feoUer. If the remaining scale and sludge 
arc not removed and the boiler is operated, the 
residual scale can cause faulty operation and the 
sludge formation can cause damage to the boiler. 
Sludge is formed from disintegrated scale and 
the boiler should be taken out of service at fre- 
quent intervals to remove this matter, 

11. Care of idle Boilers 

1. Serious corrosion can take place in a sound 
boiler while the boiler is idle. The corrosion is 
caused by oxygen dissolved in the water. If 
oxygen is permitted to dissolve in small pools of 
water in the boiler, concentrated, localized cor- 
rosion will occur. It is not always possible to 
eliminate air, which^ontains oxygen, from the 
boiler. It is possible, however, to dry the boiler 
and follow procedures which will insure that 
moisture will not again form upon exposed metal 
surfaces. Out-of-service boilers may often be 
required to resume operation in 4 to 6 hours. 
Under These conditions, it is not practical to drain 
the water from the boiler. Unless the boiler is 
sealed and contains water, there will not be time 
to meet the steajn demand. For this situation an 

' alternate method of boiler, layup is recommended 
which protects the boiler metal and maintains the 
boiler in a standby condition. The following 
information will help you protect boiler metal 
against corrosion during an out-of-service period. 

2. i Dry Boiler Method (QuickUme). The dry 
method of boiler storing, sometimes called lay up, ^ 
is normally used when it is necessary to store the 
boiler for long periods of time — ^usually over ^ 
30 days. If it becomes necessary for you to store \ 
a boiler by the dry method, you should first take / 
the boiler out of service and then drain all loose / 
nust, scale, and sludge that you can. You should!^ 

Mo this with a stiff wire brush. All the internal 
f surfaces of the boiler that you can reach should be 
J cleaned. You should break the boiler feed-water 
and steam connections to keep out the moisture. 
Also, close off the end of the line with either a 
blank flange, or a cap, depending upon the type of 
connection. Figure 24 shows a typical four-hole 
blank flange and a 3-inch pipe c^p. 



20 



ERLC 



Si 



STANDARD PIPE THREADS 




CAP BODY FLANGE BODY 



Figure 24, Typical foi^-hole flange and S-inch pipe cap, 

3. Next, you build a small wood fire in the 
furnace of the boiler. You maintain the fire for 
at least 2 hours, or until an inspection shows that 
there is no moisture on the internal sections of 
the boiler. Then, place one or more wood or^ 
plastic trays of quicklime in the boiler at the rate 
of 20 pounds of quicklime per 100 boiler horse-, 
power^. or 2 pounds per 1000 gallons of water 
capacity. The linie absorbs any moisture that 
might geKinto the boijer. It is important that the 
quicklime does not contact the metal surface of 
the boiler. The lime will attack metal when it 
becomes moist. To prevent this, you should place 
the trays on wood blocks. Now, you seal the 
boiler tightly. You should make periodic inspec- 
tions of the lime containers to determine if the 
lime is still dry. If the quicklime becomes moist, 
it must be replaced, the boiler dried out, and the 
openings resealed. 

4. Wet Boiler Method. When it is necessary 
to store boilers for short periods {up to 30 days), 
you will find .that the wet method is usually the 
best, especially if the boilerpiant is currently on 
standby service. When storing a boiler the wet 
method, you should drain and clean the sca^e^ 
rust, and other foreign material out of the boiler. 
After this ha^ been done, you should clean all of 
the internal surfaces that you can reach with a 
stiff wire brush and then flush the boiler with hot 
water The openings of the boiler should then 
be closed again. 

5. If the boilerpiant is equipped with a feed- 
water heater, you fill the boiler with water which 
has been boiled in the heater. If feed water from 
a heater is not available, you use either the return 
condensate or raw water in the boiler. No air- 
spaces should be left in the boiler. Approximately 
Jounce of caustic soda and 2 ounces of sodium 
sulfite to 100 pounds of water are placed in the 
boiler. 

6. Next, you build a small wood fire in the ^ 
furnace of the boiler. Then, remove the safety 
valve and boil the water inside the boiler under 
atmospheric pressure for 2 hours to insure the 



circxilation of the chemicals. After the boilout 
has ^en completed, you should install the safety 
valve and seal the boiler. 

7. It is necessary to make periodic inspec- 
tions to insure the maintenance of the proper 
water level. You must replace all water losses 

^ from the boiler. Under these conditions, it may 
also be necessary to place additional chemicals in 
the boiler. You can determine tl^is need by using 
Bureau of Mines test kits. Concentrations of 
hydroxides, (causticity) (OH) should be main- 
tained at approximately 200 ppm. When the 
water in the boiler has cooled, you tighdy close 
ail of the vents and seal the boiler from the 
atmosphere. 

8. Before regular operation is resumed, you 
drain the boiler water to the proper level. Then, 
m^ke th^ chemical tests for causticity, phosphate, 

^^nnin, and total dissolved solids. You blow 
down the boiler arid feed in chemicals according 
to the test results. Prior to lighting the boiler, you 
should makel^^ a thorough check of it and the 
auxiliary equipment to make sure everything is 
in^proper operating condition. / 

12. Condensate Return^ond Lines 

1. The corrosion of condensate return lines is 
a serious maintenance and operating problem. 
Cause of this corrosion appears to be related to 
the carbon dioxide (CO2) content of the return 
condensate. When the CO2 concentration of 
return condensate is high, the corrosion of return 
lines and the nipples following traps is pronounced. 
When the COo concentration is low, corrosion 
occurs to a lesser degree. Thi^ type of corrosion 
cannot be controlled with equal success in all 
installations because some makeup waters contain 
more bicarbonate than do others. The bicarbonate 
breaks down as a result of temperatures in the 
boiler and liberates COo into the steam in the 
boiler. The CO2 is not active while it is in the 
steam, but it does become active to form carbonic 
acid when condensed with the steam as condensate. 

2. The corrosion of return lines is minimized 
by admitting less bicarbonate (concentrated in 
makeup water) to the boiler system. This entails 
the reduction of water losses in the steam-gener- 
ating and return systems. Bicarbonate may be 
remove^ from the boiler feed water before its 
entry to the boiler by preheating and deaerating 
makeup water. The corrosive effect of COo^ is 
partially neutralized by chemical treatment of the 
condensate with amines (derivatives of ammonia). 

3. Feed-WateR Makeup Rates. The percent- 
age of makeup water used in a boiler is an index 
that can be used to evaluate maintenance effective- 
ness and indicate the degree of operating efficiency. 
The following percentages indicate the maximum 
quantities of feed water that may be expected 



with properly operated and maintained systems to 
provide steam to the facilities indicated. The 
makeup rate of feed water for central heating 
plants is equal to 5 to 10 percent of the steam 
produced; laundries, 5 to 15 percent; hospitals 
(winter), 5 to 10 percent; and hospitals (sum- 
mer), 15 to 25 percent. 

4. Excessive BoUer Blowdown. Slowdown 
should be given a boiler primarily to control solids 
in the boiler water within specified limits. Any 
additional blowdown results in heat waste and 
necessitates the replacement of the water blown 
from the boiler with a raw makeup water. 

5. Feed-Water Heater Operation. If a feed- 
water heater is operated at a temperature cor- 
responding to the operating temperature of the 
boiler, then oxygen is Amoved from the feed 
water. The bicarbonate contained in the raw 
water is also partially broken down by the tem- 
perature within theAeater, and a large part of the 
CO2 formed as a result of this breakdown is 
eliminated through the heater vent. Any free CO2 
contJiined in the raw water is also eliminated. You 
will recalPthat we discussed feed-w^er heaters in 
Chapter 1. y 

6. Chemical Treatment 0! Condehsate. When 
all possible losses of water and steam from a 
boiler plant are eliminated, chemical treatment 
of the condensate is instituted to remove the COi^ 
Unless such losses are reduced to a minimum, the 
cost of this chemical treatment is excessive and 
corrosion cannot be inhibited. Figure 25 shows 
sections of return lines that have not been properly 
treated to prevent corrosion. The chemicals used 
for this purpose are alkaJine amines. These alka- 
line amines are introduced directly into the boiler 
water and vaporize with the steam, Ttfe alkaline 
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Figure 25. Comparison of corroded lines and lines 
not corroded. 



is carried in the steam and combiijyps with 
COo in the condensate and makes the COa inactive. 
The combined CO2 and amine is then reintroduced 
into the boiler in the feed water where the alka- 
line amine vaporizes again. Amine treatment is 
instituted only after a careful survey of corrosion 
conditions and then only with the permission of 
the command headquarters. 

7. When the steam is to be used for sterilizing 
materials in hospitals or in direct contact cooking 
in dining halls, amines should not be used unless 
a special type of amine which will not cause sick- 
ness and endanger the health of personnel is 
procured. 

13. Function of Chemicals 

1. The chemicals used in the treatment of 
boil%|f\vater have the definite function of prevent- 
ing the formation of scale and corrosion of the 
boiler metal. When tannin, caustic soda, amines, 
sodium phosphate, sodium sulfite, and antifoam 
are included in the boiler water, each chemical has 
a specific purpose. example, sodium sulfite 
is used to control the oxygen in boiler water, and 
caustic soda is used to control the acid content. 
Tannin is used to control sludge fluidity, and phos- 
phate is used to control the calcium scale. Anti- 
foam, of course, is used 'to prevent the foaming 
of the water in the boiler. 

14. Standard High-Pressure Treatment 

1. The standard high-pressure treatment of 
water consists of introducing the proper amounts 
of caustic soda, sodium sulfite, phosphate, and 
tannin into the boiler Caustic soda provides alka- 
linity in the form of free hydroxide to neutralize 
the acid materials in the water. Alkalinity in the 
water is necessary to prevent corrosion. The rela- 
tionships between acidity and alkalinity are deter- 
mined by pH readings, such as those given in the 
pH scale shown in figure 26. You will see on 
the scale that when the pH reading is below 7, the 
water is acid; when the scale reading is above 7, 
the water is alkaline. You wijl also note that when 
the reading is exactly 7, the water is neutral— 
neither alkaline nor acid. 

2. The sodium phosphate combines with some 
of the free hydroxide, formed by caustic soda, 
to form trisodium phosphate. Trisodium phos- 
phate combines with calcium salts to form tri- 
calcium phosphate, a soft, nonadhering, finely 
divided sludge which can be easily removed from 
the boiler by blowdown. A pH scale reading above 
9.5 is therefore maintained to cause the calcium to 
precipitate (settle out). ^ 

3. Tannin is an oxygen absorber and acts as 
a dispersing agent of the insoluble solids contained 
in boiler water, and it prevents excess accumula- 
tions of sludge in the lower parts of the boiler. 
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Figure 26. The pH scale. 



This makes possible the effective removal of 
solids by properly applied boiler breakdown. 
Sodium sulfite, an oxygen scavenger, is used to 
eliminate oxygen from the water and ij used in 
addition to tannin. 

15. Special Treatment and Procurement 
of Chemicals 

1. There are many ways of treating the water 
used *f or various purposes on an Army post. How- 
ever, you are mainly interested here in the 
swfecial treatments required for boiler water. You 
should take note at this point that your major 
command must be contacted for approval before 
any of the chemicals are used. The approval 
will also direct the chemicals to be used and tell 
how they should be used. Special treatments of 
the water used in the steam boiler and the pro- 
curement of the chemicals used in these treat- 
ments are discussed in the paragraphs that follow. 

2. Caustic Soda. Caustic soda can normally be 
procured locally and can be pur(;hased in 100- 
pound steel drums if desired. Yofi should specify 
flake or granular caustic soda /containing not less 
than 76 percent NA2O. 

3. Sodium Phosphate. Sodium phosphate can 
be procured locally and is usually shipped in 100- 
pound bags. 

4. Tannin. Tannin generally can be procured 
locally and is shipped in the form of brown crystals 
in 100-pound bags. 

5. Sodium Sulfite. Sodium sulfite can gen- 
erally be procured locally. However, you should 
specify anhydrous sodium sulfite, not less than 
90-percent pure, for the treatment of boiler feed 
water. Sodium sulfite removes oxygen from the 



feed water and boiler water. It takes about 8 
pounds of sodium sulfite to combine with 1 pound 
of oxygen to form sodium sulfate, a noncor- 
roding agent. 

6. Antifoiam. Some raw waters contain ex- . 
cessive amounts of soluble salts and foaming is 
encountered unless excessive blowdown is used. 
There are many compounds available that sup- 
press boiler water foaming. Therefore, the 
tendency to foam can be decreased by changing 
the surface tension of the water in the boiler with 
an antifoam compound. 

16. /Mixing Chemicais ^ 

1. Most of the chemicals used for treating 
boiler water are dry when they are received and 
are mixed with water just before they are used to 
prevent caking in pumps and lines. These chem- 
icals must be properly stored to prevent contaniina- 
tion and the absorption of water. If foreign mat- 
ter is allowed to contaminate the chemicals, the 
foreign matter will probably be fed into the boiler 
along with the chemicals. It is virtually impossible 
to remove some types of foreign materials from 
the chemicals once they have become contam- 
inated. |When water is allowed to get into the 
chemicals, many of them will react prematurely 
and lose their strength. If only a small amount 
of moisture comes in contacf^with the chemicals, 
they wifl become caked >a!ft be difficult to mix 
with the water. 

2. Methods of Mixing. The methods of mixing 
chemicals may vary greatly with various installa- 
tions. However, there are some general rules that 
should be used. The chemicals should not be 
mixed in advance of the immediate requirements. 
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Mixing the chemicals too long before they are to 
be used defeats the purpose of the water treat- 
ment and complicates' controlling the individual 
chemicals in the boiler water. 

3. You should wear protective equipment 
when you are mixing chemicals. The mixing 
should be done at floor level to prevent Jnjury 
to your eyes and face. Also; you should never 
adti the water to the chemicals, but rather add 
the chemicals to the water to prevent splashing. 

4. Solution of chemicals. Tannin is dissolved 
in hot water at approximately 160** ?. to 180" 
F. in a clean container. Stir the solution until the 
tannin is completely dissolved. You mix the phos- 
phate separately in water at approximately 200° 
F. in a clean metal container, and stir the solution, 
until all of the phosphate is dissolved. Mix the 
two solutions before placing them into a chemical 
feeding device. 

5. Apparatus for mixing. Placing, a small 
st^am jet in the bottom of the dissolving vessel- 
will facilitate chemical mixing. Phosphate and 
tannin are dissolved easily by placing the chemical 
in a fine-mesh wire basket and suspending the 
basket just beneath the water surface in t!:ie mixing 
container, as shown in figure 27, 

6. Solution of caustic soda. You ^must not 
use hot water when mixing the solution of caustic 
soda, because splashing and serious injury can 
result. Yqu wear goggles, rubber gloves^ and a 
rubb.©lF-3pron when mixing this chemical. You 
are not to pour the cold water on the caustic soda, 
but add the caustic soda gradually, with constant 
stirring, to an adequate quantity of cold water. 
The chemical action causes the solution container 
fo become hot; therefore, \>t careful when 
handling it. 

7. Solution of sodium sulfite. You should also 
mix a sodium sulfite solution in cold water just 
before it is to be used. If it is mixed and exposed 
to the air for long, the chemical becomes useless 
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Figure^!?. The apparatus for mixing chemicals. 



for boiler water treatment. This is caused by air 
from the surrounding area combining with the 
sodium sulfite and neutralizing it. 

8. Makeup of Chemical Dosag-. > Individual 
chemicals rather than ready-mixed chemical com- 
pounds are used in boiler water treatment to better 
control the concentrations of the individual chem- 
icals. Improper chemical concentrations are not 
effective in protecting the internal water-contacted 
surfaces of the boiler against scale and corrosion 
and can cause damage. A chemical analysis of 
the boiler water should be made so that the 
chemical demands of the water can be determined. 

17. Admission of Chemicals to the Boiler 

1. Several methods are used to admit water 
treatment qjiemicals into the boiler. The method 
of admission used depends on the design of the 
boilerplant and the chemical requirements of the 
boiler water. You are going to study, some of 
these methods of feeding in chemicals, which are 

discussed next. 

2. Phosphate Feeding. Phosphate combmes 
with the calcium and magnesium salts, in raw 
water and precipitates (settles out) in the insol- 

. uble materials. If the phosphate solution is not 
fed into the boiler almost immediately after being 
mixed, some of its strength is lost. Consequently, 
the loss of strength can be appreciably decreased 
by feeding the chemical as quickly and directly 
as possible into the boiler. 

3/ Pressure-Pot Feeder. A simple chemical 
feeder can be fabricated with a piece of 6- to 8- 
inch pipe 18 to 24 inches long, as shown in figure 
28. Both ends of the pipe are sealed either by 
capping or welding. The fabrication should allow 
for the application of boiler pressure to the. feeder. 
Suitable valving and a funnel for admission and 
discharge should also be installed. This type 
of feeder permits'" the rapid-^ot feed of chemicals 
to the point of admission. 

4. Pressure-pot feeders are normally installed 
in the bypass located on the discharge 'side of 
the feed-water pump so that pump pressure can 
be used to force the chemicals into the boiler. 
These feeders should not be constrircted of gal- 
vanized pipe because of the ac^verse chemical 
reaction to the galvanizing material. 

5. Chemical Feed Pump. Tht most satisfac- 
tory method of chemical admission for large 
boiler plants is a properly designed chemical-feed 
pump, either the continuous or shot-feed tj'pe. 
Chemical-feed, can be controlled manually or by 
automatic device^. To obtain closely controlled 
continuous feeding, the chemical feed can be 
proportioned to the flow of the feed water. This 
can be done by connecting either the chemical 
pump or the chemical-feed pump so that it is 
actuated by the boiler-feed pump. 
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Figure 28. A poutype chemical feeder. 

^ 6. Points of Admission. The pjoint of chemical 
admission varies with the individual boilerplant 
and with the operating conditions. Therefore, 
each installation presents an individual problem. 

7. Boiler-feed suction. The chemical-feed 
chamber for small boiler plants can be installed 
at the boiler-feed pump suction connection. How- 
ever, this is not desirable in all cases, because the 
chemicals in some cases will cause the packing 
in the pump to deteriorate and leak. 

8. ^ Boiler^eed discharge. Some feed-ehambers 
are installed on the discharge side of the boiler- 
feed pump. This type of installation eliminates 
the possibility of damage to the pump and packing 
that might be caused by chemical action. 

9. Direct admissioru When a steam heating 
plant includes three or more boilers, the treatment 
chemicals can be distributed effectively if the 
chemicals are individually added directly to each 
boiler. Individual feeders are installed so that 
the chemicals are admitted into the feed line 
beyond the feed-water regulator or into the boiler 
proper. 

10. Precautions. You should never plai:e dry 
chemicals in a chemical feeder or pump. This 
practice plugs the chemical feed lines in a short 
time.' Make sure all piping and valves installed 
with chemical feeders or pumps are designed -to 
withstand boiler pressure. Also', drain the feeder 



before introducing the chemicals. When draining 
a feeder, you should close all pressure connections 
to the feeder before opening the drain valve. 'Dhis 
prevents injury .to the operator by hot watenor 
chemicals. 

18. Testing Boiler Water 

1. Boiler water should be tested at stated 
intervals to control' boiler water treatment. The 
frequency and extent of these tests depend on 
the size and nature of «the steam pUtnt and on 
the extent of water control reqmred. Your 
command headquarters can specify other testa, 
and the testing discussed here is onlv the mini- 
mimi required, 

2. The water in high-pressure boilers (over 
15 pounds pressure) is tested for causticity, phos- 
phate, tannin, and total dissolved soli<b. The 
water in high-horsepower plants is tested daily. 
When, more than on« boiler is in operation in a 
boiler plant, the water in the boilers is tested 
alternately. 

3. The water in low-horsepower plants is 
tested twice a week. When more than one boiler 
is in operation, the boilers are tested alternately. 

4. When treated for corrosion, the water m 
low-pressure steam steel boilers (15 pounds pres- 
sure and less) is tested for pH at frequent intervals 
to insure that the pH reading of the boiler water 
is 10.5 to 11.5. 

5. Procurement "t)f Testing Equipment The 
standard test kit for causticity, tannin, pH, and 
phosphate determination is obtained through your 
command headquarters (through channels from 
the Boiler Water Service, U.S. Bureau of Mines, 
College Park, Maryland. 

6. With the exception of the pacometer, all 
.. reagents and replacement parts for the standard 

test kits can be obtained upon request, free of 
charge, from the Boiler Water Service, U.S. Bureau 
of Mines, College Park, Maryland. 

7. Boiler Water Sampling. To control the water 
treatment, it is necessary that the boiler water 
being tested represent the true condition of the 
water inside the boiler. It is necessary to blow 
down all sampling lines and connections to the 
sampling points to clear the line of stagnant water 
before the sample is collected. 

8. Location of sampling point. When the 
water column connections to the bailer are short 
and direct, you blow down the water column 
several times and draw a sample from the water- 
column blowdown connections. A V4-inch 
sampling connection should be provided ahead of 
the water-cokimn blowdown valve. Take the 
sample from me water-tube boilers either from 
the front drum or from the forward part of the 
upper rear drum. Continuous blowdown connec- 
tions that arc properly located make good sampling 
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Figure 29, An air-cooled sampling coil. 

points. If the rear drum connection is close to 
the feed-water inlet, you must be sure that the 
sample is not diluted by feed water. If any -doubt 
exists as to the proper location of the sampling 
connection, consult the Director of Facilities 
Office. All sample connections should be piped 
to the floor level and have a valve near the end 
of the line for convenience and safety. 

9. Flash samples. It is necessary to blow 
down sampling lines sever^ times to flush out any 
stagnant water.- At the sampling connection, you 
attach a piece of rubber tubing which is long 
enough to reach the bottom of the sampling con- 
tainer. Then, adjust the flow to permit the collec- 
tion of a 2-quart sample in 5 minutes. Avoid 
excessive flashing and the use of too much time 
in collecting the sample. 

10. Sampling Coils. A sample of boiler water 
is best drawn through a co(^g unit that prevents 
flashing the water into steam and burning the 
operator. There are several types of cooling coils 
that can be fabricated locally for this purpose. 

11. Atmospherically cooled coil. About 25 
feet of 3/8- or Vi-inch copper tubing that has been 
bent into the shape of a large helix and suspended 
in air (fig. 29) works well as an air-cooled 
sampling coil when the sample is not drawn too 
rapidly. 

12. Water-cooled coil Good results are ob- 
tained by using 15 to 25 feet of ^-inch copper 
tubing to form a coil approximately 6 inches in 
diameter and about 10 inches high to make a 
water-cooled sampling coil such as that shown 
in figure 30. The coil is immersed in a bucket of 
cold water when a sample is being drawn. The 



coil dan also be fitted with detachable fittings to 
permit its use at several locations. 

13. Time of Sampling. All samples must be 
drawn immediately before the regular blowdown 
and before the chemicals are added. This is 
done so that the minimum concentrations of chem- 
icals available in the boiler and the maximum total 
dissolved solids content of the boiler water can ^ 
be determined When feed water is allowed to 
go into the boiler just prior to drawing a sample, 
the sample may be diluted and not be repre- 
sentative of the chemical concentrations in the 

boiler. « , ' 

14. Methods of Testing. The ^step-by-step 

methods for testing boiler water can be obtained 
through channels from the Boiler Water Service, 
U.& Department of Interior, U.S. Bureau of 
Mines, College Park, Maryland. However, we 
are going to give you some general information 
so that you mdy gain a better insight to boiler 
water testing. 

15. Causticity test. The causticity test is used 
to determine the amoiint of free hydroxide (OH) 
in the boiler water. The use of caustic soda, or 
the breakdown and conversion of the natural 
bicarbonates in raw or any treated water, makes 
the boiler water caustic. 

16. When the boiler water is colored by organic 
matter such as tannin, fill two test tubes, ob- 
tained from the Bureau of Mines test kit, with the 
proper amount of boiler water from the sample 
container. When filling the tubes, you should 
be careful not to get any of the sludge that has 
setded on the bottom of the sample container into 
the test tubes. At this time add the first causticity 
reagent (Nr. 1, barium chloride solution) and 
mix it with the water in the test tubes. Then allow 
the tubes to rest undisturbed in the test tube rack 
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whUe precipitate forms and settles to the bottoms 
of the tubes. The precipitating process takes about 
IS minutes. 

17. Next, about half of the water from each 
test tube is transferred to the third test tube, from 
the kit, which has a long, or 30-ml mark on it. 
The solution should be pink. When the solution 
turns pink, there is causticity in the water. If the 
solution is not pink, add 2 drops of phenolphtha- 
lei'n indicator, it the mixture does not turn pink 
after the indicator has been added, there is no 
causticity in the water. 

18. To determine the amount of causticity in 
the pink sample, add the second causticity reagent- 
(Nr 2. one- thirtieth-strength hydrochloride acid) 
to the solution, drop-by-drop, while stirring the 
solution until the pink color disappears. Stop 
adding this causticity reagent (Nr. 2) as soon as 
the pink color fades out. The amount of this 
reagent used is indicated by the marks on the 
test tube that are above the long mark. Five 
milliliters of reagent are required to raise the 
level in the test tube from one mark on the tube 
to the next mark. Fractional distances can be 
estimated fairiy accurately. For example, if the 
tube is filled three-fifths of the distance from the 
long mark to ^he next mark above' it, about 
3 milliliters of causticity reagent (Nr. 2) have 
been used. When the distance filled is past the 
first mark above the long mark, then 3 milliliters 
plus 5 milliliters, or 8 milliliters, have been used. 

19. After the amount of causticity reagent 
(Nr 2) used has been determined, you will need 
to find the ppm — the ntmiber of parts of causticity 
to a million parts of water. To determine the 
ppm. you multiply the milliliters of reagent (Nr. 2) 
used by the constant number 23. F©r example, 
if 8 milliliters of reagent (Nr. 2) are used, you 
would have (8 milliliters x 23 = 184 parts per 
million) 184 ppm of causticity. The desired 
amount of causticity is between 20 ppm and 
200 ppm. 

20. Phosphate test. The phosphate test Js 
conducted to determine the amount of soluble 
phosphate in the boiler water and thereby to 
control the amount of phosphate to be added to* 
the water To make this test, fill two test tubes 
from the Bureau of Mines test kit about half 
full of water taken from the boiler water sample 
container Be caraful not to disturb the sediment 
in the bottom of the sample container. 

21. ' After the water is in the test tubes, mix • 
one-fourth of a teaspoon of decolorizing carbon 
into the water in each test tube to remove any 
organic color ^existing in the water Then filter 
the water-decolorizing carbon solution into the 
test kit comparator mixing tube. . The first mark 
on the mixing tube is the 5-milliliter (ml) mark. 



As the water is filtered into this tube, allow the 
water to accumulalB^to the first mark. 

22. Now, add 10 milliliters of comparator 
molybdate to the solution in the mixing tube* 
This fills it to the third, or 15 milliliter, mark. 
/After this has been done, add fresh dilute stan- 
nous chloride to bring the level to the 17.5 milli- 

* liter mark. Mix the stannous chloride according 
to the instructioils received with the. phosphate 
test kit from the Bureau of Mines. 

23. When you have added dilute stannous 
chloride to the solution of water and comparator 
molybdate reagent, the solution should turn blue 
if there is phosphate in the bpiler water. 

24. Use a comparator to detff^rinc the con- 
centration of the phosphate. Place the test tube 
containing the test solution* in the slot provided 
in the comparator block. If the color comes 
between the two standards of 30 to 60 ppm in 
the comparator, the boiler water is satisfactory. 
However, if the color is lighter than the 30-ppm 
standard, 70U should add phosphate to the boiler. 
If the color is darker than the 60-ppm standard, 
the phosphate concentration is too high. 

25... Tannin test. The tannin test is used to 
visually determine the apprc^mate amount of 
-^tannin in the boiler water, bqt it docs not differ- 
entiate between oxidized and unoxidized tannins, 
^o ;nake the test, filter a cooled sample of the 
boiler water into a standard test tube taken from 
the Bureau of Mines test kit. The reason for 
filtering the sample is to remove any suspended 
solid matter that rtight be in the water It may 
be necessary to filter the sample more than once 
to get out all of the suspended matter and obtain 
true tannin color ' 

26. To aid in detennining the concentration, 
place the sample in the tannin comparator block. 
Once you have placed* the sample in the com- 
parator block, move it from standard to standard 
until it closely matches one of the color standards. 
These color standards are designated asvfery light, 
light, medium, dark, and Very dark. The proper 
concentration shotild be about medium or the 
color of dark tea. If the concentration is low, 
add tannin. If the concentration is high in the 
boiler, dilute it with water. When you hav^ estab- 
lished the color standard of the sample, give the 
information to the person who enters such infor- 
mation in the appropriate column of the Boiler 
Water Treatment Operating Log. 

27. , Total dissolved solids test. The total "dis- 
solved solids test is used to determine the con- 
centration of soluble salts in boiler \vater In 
most steamplants i^is test is made with a cdn- 
duqtivity solo-bridge. The solo-bridge test cell 
normally uses 60-cycle, 1 10-volt ac electric power. 
This test indicates the frequency, and amount of 
bldwdown required. 
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28, Rinse a clean 200i-mm by 38-mm test tube 
with some of the boiler water sample and pour 
60 milliliters of the sample into the tube without 
disturbing .the settled sludge. You must mark 
the tube with a file or crayon at the 60-milliliter 
level This point is about 5 inches from the top 
of the tube. (If desirable, you should make a 
special rack or other support for the test tube.) 
Now, add l-inilliliter of conductivity neutralizing 
solution (two y2 -milliliter droppers filled to the 
mark) to the sample, 

29. After the test cell has been turned on, 
thoroughly wash the probe of the tester in dis- 
tilled water containing 1 milliliter of conductivity 
neutralising solution. Then, you must shake the 
tester until all of the distilled water has evapo- 
rated from the probe. The removal of the distilled 
water from the probe is necessary so that you 
will not dilute the sample and caijse a false 
reading, 

30. Allow the conductivity solo-l?|idge to 
warm up for at least 1 minute to get accurate 
results from the test. Obtain the temperature of 
the sample with an armored thermometer. Then 
set the pointer of the solo-bridge temperature 
scale at the temperature indicated by the ther- 
mometer. When the temperature scale on the solo- 
bridge has been ^et, place the probe in the sample 
of boiler water. You move it up and down several 
times to remove all the air bubbles inside U;e 
cell shield. 

31, Immerse th6 cell on the probe in the water 
sample to the point where the air vents on the 
cell shield ar^ submerged. Then turn the pointer 
on the up^er dial of the solo-bridge until the dark 
segment of the electron tube reaches its widest 
point and take a reading in micromhos. To con- 
vert this reading on the solo-bridge to ppm. you 
multiply the reading by the standard number 
factor of 0,9. For ejcample, if the dial reading 
is 4000 micromhos and the standard factor is 
0,9, the result is 3600 ppm (4000 micrbphos X 
0.9 = 3600 parts per million). 

19, Control of Treatment 

1, The most important factor in treating 
boiler water to prevent scale and corrosion is the 



proper control of the chemicals used in the 
treatment. Unless all chemicals are controlled 
within the specified limits, the treatment is in» 
effective and steam contamination results. 

2. Specified Limits. The limits given here will 
protect the boiler metal against scale and corro- 
sion under average conditions, and they are 
patterned after industrial practice based on the 
application of this type of treatment. Under un- 
usual conditions, deviations from these standard 
limits may be necessary. Ai^tudy of all the 
factors involved is required to arrive at the 
correct chemical concentration limits. 

3. Standard causticity limits. The limits for 
causticity concentration are between 20 ppm Ihd 
200 ppm, expr^sed as OH. Otherwise, caustic 
soda is added to the boiler water to maintain the 
causticity of it within these limits at all times. 
When the wateif supplied to a steam plant is high 
in natural sodium bicarbonate or when the water 
is sodium-procQ^s zeolite-treated, the us6 of 
caustic soda is not always required. 

4. Standard phosphate limits. The limits for 
soluble phosphate content of boiler water are 
between a and % -inch-diameter spot accordn 
ing to the spot-test method. This corresponds 
to approximately 30 ppm to 60 ppm phosphate 
as PO4. You add sodium phosphate to the boiler 
water to maintain the phosphate content of the 
boiler water within these limits at all times." 

5. Standard tannin limit. The limit for tannin 
content in boiler water is a medium brown color, 
as shown by the middle standard in the tannin 
comparator, 

6. Standard total dissolved solid limits. The 
specified limits for boiler water total dissolved 
solid content are between 1000 ppm and 4000 
ppm. Tl^ boilers should be blown down suffi- 
ciently to maintain these limits at all times. 

7. Samples for Check Analysis. Part of the 
procedure for proper treatmen/t of boiler water 
entails periodic submission of samples to an 
adequately equipped laboratory for the purpose 
of cl;xeck analysis. The Boiler Water Service, 
U.S. Bureau of Mines, College Park, Maryland, 
performs a check analysis on samples submitted. 
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Steam Plants 



PROBABLY YOU have heard about steam and 
steam power most of your life but never 
realized just how ancient the use of steam really 
is. The expansive power of steam was tried in 
various applications as^^g as the third century 
A.D. One man, by the name of "Hero," used 
steam under pressure to operate a simple engine. 
Even though the use of steam started many cen- 
turies ago. it is just as modem as any other heating 
system today. The type of boiler we have today, 
however, was not developed until the 19th century. 
This development of the steam-heating system 
marked another step forward in the improvement 
and development of the hedting processes, and 
it has kept pace with the other systems in the 
heating group. This is true because the steam- 
heating system also has its special advantages, 
and it fits in with certain heating requirements. 

2. I.I this chapter you will study about the 
requirements of the steam boiler, construction of 
boilers, types of steam boilers, boiler fittings and 
accessories, code requirement markings, pipe 
identification markings, installations of steatm 
boilers, operating steam boilers, and maintaining 
steam boilers. 

3. You are interested,' we know, in doing 
your very best as a heating systems specialist. 
Consequently, you will be very interested in the 
information contained in this chapter. What you 
learn here may save your boiler and even your 
life. What are steam boilers? Our first discussion 
will tell you what they are. 

20* Steam Boilers 

I . The word "boiler*' is commonly applied 
to a closed vessel used for generating steam. This 
steam generation is usually done under pressure. 
Since most boilers are used to produce steam^^ 
all boilers arc generally thought of as steam boilers 
unless they arc designated* otherwise. In defining 
a boiler, you could say "a boiler is a closed ^ 
ve«^>el in which steam is generated as a result of 
the o.nbusiion of fuel." The term **steam gen- 
erating unit* me*-? accurately describes the present- 
day equipment. Th<.*>f <iteam generator units 



normally include all of Uie accessories, frogi fans, 
feed pumps, and fuel burners to feed-water heaters 
and economizers 

2. Today central steam plants are used to 
fiimish steam to the hospitals* dining halls, 
laundries, and other types of fapilities on military 
posts. The term "central steam plant" usually 
means that the plant serves more than one build- 
ing. A central heating plant has one or more 
bcdlers which bum gas, oil, or coal aa fuel. The 
steam or high-temperature water that is gen- 
erated is used for cleaning, sterilizing, cooking, 
and laundering operations. Small heating boilers 
play an important part in steam productidn. Fre- 
quently they are used to provide steam and hot 
water for small buildings. Simall upits can also 
be used to supply the steam needed to operate 
mobile emergency power equipment 

3. To acquaint you with some of the funda- 
mentals underlying , the process of steam gener- 
ation, suppose that you set an open pan of water 
on the stove and turn on the heat You will find 
that the heat causes the temperature of the water 
to increase and, at the same time, to Expand in 
volume, ^hen the temperature reaches the boiling 
point (212° F. at sea level), a physical change 
occurs in the water, and it starts vaporizing into 
steam.* The temperature of water wifl not increase 
beyond the boiling point. Even if you add more 
heat after the water starts to boil, the water will 
not get any hotter as long as it remains at the 
same pressure. If you hold the temperature at 
a boiling point long enough, the water will continue 
to vaporize until the pan is dry. 

t. Suppose, however, you place a close-fitting 
lid on the pan of the boiling water. The lid pre- 
vents the steam escaping irom th^ pan, and 
results in a buildup of pressure inside' the con- 
tainer. However, if a small opening is made^ in 
the lid, the steam will escape at a uniform r^te. 
As long as any water remains in the vessel, and as 
long as the pressure remain constant, the temper- 
ature of the water and steam will remain constant 
and equal. 



29 

\ 



70 



5. The steam boiler operates on the same basic 
principle as the closed container of boiling water, c 
By way of comparison, it is true with the boiler ' 
as with the closed container that the steam formed 
by boiling tends to push against the water sides 
of the vessel. Because of tjiis downward pressure 
on the surface of the water, a temperature in 
excess of 212"* F. is required for boiling. The 
higher temperature is obtained simply by increasing 
the supply of heat. Bear in mind, therefore, that 
an increase in pressure means an increase in 
boiling point temperature. 

6. It is relatively simple to determine the 
temperature of the water once you know the steam 
pressure. First, you determine the square root 
of the steam praesure, then multiply this by 14 
and add the constant number of 198. For example, 
vvheij the steam pressure is 100 pounds per square 
inch on the gage (psig), the square root is 10. 
When 10 is applied to the formula, the water 
temperature is 338^ F, (lb X 14 + 198 = 338). 

7. Requirements of a Steam Boiler. A boiler 
must meet certain requirements* before it is con- 
sidered to be a satisfactory installation. It must 
be safe to operate, it must generate clean steam 
at the desired rate and pressure, and it must be 
economical to operate. A set of rules for -con- 
struction of stationary steam boilers, known as the 
American Society of Mechanical Engineers 
(ASME) Boiler Construction Code, has been 
widely adopted by insurance underwriters and 
governmental agencies. This code contains manda- 
tory provisions for methods of construction and 
installation, materials used, design features, and 
recommended operating and inspection procedures. 
Standard practice requires that a qualified boiler 
inspector make an inspection at least once a year. 

8. A boiler must have certain characteristics 
to meet the requirements of economical operation 
and the generation of clean steam at the desired 
rate and pressure. There must be enough water 
and steam capacity to prevent any fiuctuation in 
steam pressure or water level. It must have a 
water surface of sufficient extent for the disengage- 
ment of steam from the water to prevent foaming. 
It must provide constant and thorough circulation 
of the water throughout the boOer to be free from 
the strains caused by unequal expansion. If pos- 
sible, it should avoid having joints exposed to 
the direct action of the fire. The combustion 
chamber must be arranged so that the combustion 
of the gases started in'^he furnace can be com- 
pleted before the gases can escape through the 
chimney. The heating surface should be, as 
nearly as possible, at right angles to the currents 
of heated, gases to break up the currents and 
extract the maximum available heat from the 
gases. All boiler parts should be readily acces- 

'sible for cleaning and repairs. These last points 



are of the greatest importance with regard to 
safety and economy. 

' 9. The boiler must be proportioned for the 
v/ork to be done and be capable of working to 
its full rated capacity with the highest economy. 
The boiler must be equipped with the very best 
gages, safety valves, and other fixtures. There 
must be some provision for receiving impxirities 
from the water and removing them from the 
boiler. The collecting areas should be located 
where they do not come into direct contact with 
the fire. This is true because the impurities keep 
the water away frotg the heating surfaces and 
cause hot spots that can damage the boiler. 

10. Construcdon of Boilers. Boilers are con*' 
stfucted in many shapes and sizes. Of course, 
the greater the steam capacity, the larger the 
boiler. AH boilers are constructed to incorporate 
a furnace or firebox for burning the fuel; also, 
they have provisions for passing hot gases over 
the heat-absorbing surfaces. The heat-absorbing 
surfaces are designed to have the hot gases on one 
side and the boiler water on the other. 

11. In most cases, bafiles are provided in the 
^boiler to guide the gases over the most effective 

route. These baffles also prolong the exit of the 
gases from the furnace so that the maximum 
amount of heat can be absorbed by the^ water. 
Boilers arc equipped with doors and access panels 
which are used to clean the tubes and firesides 
of the boilers. Plugs, handholes, and manholes 
are also provided so that the watersides of the 
boiler can be reached for cleaning. Access doors 
are usually sealed or made airtight by the installa- 
tion of asbestos rope or webbing around the door. 
Manholes and handholes have gaskets made of 
asbestos and fiber to seal around these openings. 
These gaskets usually are replaced when annual 
maintenance is performed or when a leak occurs 
at either the manhole or the handhole that cannot 
be stopped by tightening the holding nut. 

12. Many low-pressure boilers are constructed 
of cast-iron sections which are bolted together. 
The capacities of these boilers can be increased 
by adding more sections. Other types of low- 
and high-pressure boilers are made of good quai^ 
sheet steel. These boilers consist of sections of 
sheet steel formed to the required shape and 
electrically wfelded or riveted together. The com- 
mon practice is for low-pressure boilers to be 
electrically welded and high-pressure boilers to 
be riveted. 

13. Types of Steam Boilers. Steam boilers 
made of cast iron and others constructed of steel 
are normally further classified into two general 
types: fire tube and water tube. FTre-tube boilers 
were first used many centuries ago, but water-tube 
boilers were not used until the 18th century. 
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Figure 3L A typical locomotive boiler. 



14. Fire-tube boilers, Rre-tubjfe boilers are 
those in which the byproducts of combustion pass 
through the tubes and the water surrounds the 
4ube. Fire-tube boilers of small and mediun! size 
usually have a metal-wallfed combustion chamber 
which is integral with the boiler. Because of their 
ease of installation, fire-tube boilers are the most 
popular type of steel boiler for low-pressure and 
low-capacity purposes. Their design and con- 
struction, however, are such that there is a definite 
limitation in the size and pressure for which they 
can be built. They are seldom used when require- 
ments are above 150 psi design pressure. Their 
Overload is limited, and exit gas temperature rises 
rapidly with an increased output. One advantage 
is the large water storage capacity of this boiler. 
Because of this feature, wide and sudden fluctua- 
tions in the steam demand are met with little 
change in pressure, ; 

15. A boiler that has the combustion chamber 
incorporated as an integral part of the boiler is 
usually referred to as a firebox boiler. Firebox 
boilers require no masonry setting, except per- 
haps an ashpit or floor for the combustion 
chamber. Combustion gases travel from the fire- 
box through the boiler tubes to a smokebox at 
the back of the boiler. Then, they return through 
the second set of boiler tubes to the front of the 
boiler from which they are discharged to the 
breaching or the smoke pipe, 

16. There are three classes of fire-tube boilers: 
the locomotive, the tubular, and the Scotch 



marine. Any of these boilers can be of single- or 
double-pass construction. There are many ver- 
sions of these three classes of boilers. Some of 
the boilers are built to operate in the vertical 
position i^^d of in the conventional horizontal 
pOsitiou.^ r 

IT The locomotive boiler, shown in figure 31, 
has a steel firebox consisting of inner and otiter 
sheets that are held together with staybolts. The 
bolts consist of threaded rods that are screwed 
through threaded holes in the boiler metal sheets 
and hold them rigid. All four sides of the firebox 
are surrounded by water. The top metal sheet of 
the firebox is called the crown sheet, and it is 
supported away from the shell by crown stay- 
bolts and crown bolts. These crown sheets should 
be inspected periodically for leaks, deterioration, 
and leaking crown staybolts or crown bolts. This 
type of boiler is very similar in construction to 
the ^toiler used on locomotives. 

18, Th/ locomotive boiler has water legs that 
extend d0wn the sides of the firebox. They also 
serve^as collecting places for the sediment that 
precipitates out of the boiler water. The water 
legs of the locomotive boiler are connected in 
the rear to the blowdown lines so that the sedi- 
ment can be removed from the boiler. This pre- 
vents damage to the boiler from hot spots created 
by the sediment keeping the water away from th^ 
heating surfaces of the water legs of the boiler. 
You will notice that the boiler shown in figure 31 
has handholes for accessibility in cleaning the 
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Figure 32. A typical horizontal return tubular boiler. 

water legs. There is also a maSihole in the lop 
of the shell for access to the watersides. 

19. The horizontal-return tubular boiler, often 
called the HRT boiler, is used for industrial 
heating (see fig. 32). This boiler is round and 
has one or two sets of tubes extending throughout 
its length. The firebox must be constructed sep- 
arately of firebrick. Approximately one-half of 
the boiler extends beyond the firebox. Large 
boilers are supported from the floor by four 
columns, with the firebrick forming four sides of 
the firebox. The initial cost of the HRT boiler 
is relatively low, and it is not difficult to install. 
The boiler setting can be readily changed to meet 
different fuel requirements— coal, oil, wood, or 
gas. Tube replacement is also a comparatively 
easy task since all tubes in the HRT boiler are* 
the same in size, length, and diameter. 

20. The gas flow in the HRT boiler is from the 
firebox toward the rear of the boiler, where the 
gases are directed upward to the tubes by means 
of a refractory baffle, then it returns through the 
tubes to the front of the boiler where it is dis- 
charged to the breeching, as shown in figure 32. 
The HRT boiler has a pitch of 1 to 2 inches to 
the rear. This allows sediment to settle toward 
the rear. The fusible plug of the boiler is located 
2 inches above the top row of tubes. Boilers 
over 40 inches in diameter require a manhole in 
the upper part of the shell. Those over 48 inches 
in diameter must have a manhole in the lower 
as well as the upper part of the shell. Don't fail 
to familiarize yourself with the location of these 
and other essential parts of the HRT boiler, 

21. The Scotch marine boiler, shown in figure 
33, 13 popular because of its compactness. It is 
tubular in shape and has a built-in-firebox that 
extends lengthwise through its center. The Scotch 
marine boiler is a portable or package unit and 
can be moved with ease and with a minimum 
of foundation work. It is a complete self-contained 
unit which includes automatic controls, steel boiler, 
aqd burner equipment. ThesS features are ad- 



vantageous because no disassembly is required 
when you have to take the boiler to the field for 
emergency work or move it to a more suitable 
location in the area. 

22. The Scotch marine boiler has a two-pass 
arrangement of the tubes, which run horizontally. 
i;his allows the heat inside the tubes to travel back 
and forth. It also has an internally fired furnace 
with a cylindrical combustion chamber. Its qpr- 
rugated, sheet-metal firebox makes suitable pror 
vision for expansion. TTierc is also a flue gas 
outlet, or smoke breeching, located on the front 
end of the boUer. Oil is the fuel commonly used 
to fire the Scotch boiler. When desirable, thougji, 
it can be fired by gas or coal. 

23v Anothe/ major advantage that the Scotch 
boiler has over the water-tube boiler is ihatji 
requires less space, and can be set up in a room 
with a low ceiling. The fact that its' tubes arc 
all the same size saves time and trouble in making 
tube replacements. 

24. The Scotch boiler has a few disadvantages. 
Its shell is from 6 to 8 feet in diameter and makes 
a large amount of reinforcing necessary. The 
fixed dimensions of its in|emal furnace create 
come difficulty in clcaning^the surface of the 
section located below the combustion chamber. 
Another drawback is the limited capacity and 
pressure of the Scotch boiler. 

25/ The setting of the Sqptch marine boil 
is self-supporting. The shell rests in two or more 
cast-iron cradles, and the boiler pitches 1 to 2 
inches toward the rear. The "setting includes a 
blowdown pipe that is connected to the bottom 
of the shell, which, in turn, is screwed into a pad 
riveted to the shell. The flow of gases in the 
Scotch marine boiler is toward the rear of the com- 
bustion chamber; then they return by wayojPuie 
tubes to the front and go out into the ^i^iokebox 
and stack breeching. The fusible plug of the 
Scotch boiler is usually located in the crown 
sheet. However, it is sometimes found in the 
, upper back of the combustion chamber. The 




FUEL BURNING EQUIPMENT 



Figure 33. A Scotch marine boiler , 
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Figure 34. Schenjatic of a forced-circulation steam 
boiler. 

fusible plug will be discussed in more detail later 
in this chapter. 

26. Aids to cleaning and repairing the boiler 
are provided through a manhole in the, top of the 
boiler shell and a handhole in theVwater legs. 
The manhole is an opening large d^ough for a 
man to enter the boiler shell for inspection and 
cleaning purposes. For the safety of the man 
inside, always make sure that all valves are 
secured, locked, and tagged, gmd that the man 
in charge knows someone is in there. A man 
must^also be stationed at the outside entrance to 
aid and assist. The handhole is an opening large 
enough to permit hand entry for cleaning, inspect- 
ing, and repairing the headers and tubes. 

27. Water-tube boilers. Steel boilers in which 
the water circulates inside of boiler tubes located 
in the path of the flue gases are water-tube boilers. 
These boilers avoid the use of large, flat, steam- 
containing surfaces; they can be designed for use 
at high pressures with safety. The boiler has the 
fiirther advantage of being easier to clean than 
fire-tube boilers. Because they require much 
masonry construction at the time of installation, 
they are more expensive than the fire-tube boilers 
and are seldom used, except the large sizes. Water- 
tube boilers can be classified according to the 
details of construction, size, arrangement of tubes, 
method of circulation, and other special design 
features. 

28. All boilers having tubes 2 inches or more 
in diameter are classified as large tube boilers. 
Boilers having tubes less than 2 inches in diameter 
are small tube boilers, and are commonly called 
the express type. Practically all of the modem 
steaiS boilers are the express type. Water-tube 
boilers are end-fired, side-fired, single- or doubfe- 



uptake, air-encased, and are divided heating units. . 
The modem boilers, of the express type, employ 
either natural or forced circulation to move the 
boiler water. Natural circulation^ depends upon 
the differences in density of the water caused by 
the heat absorbed by the boiler tubes. The y/ater 
in a steam boiler depends upon extemal pumps 
to provide forced circulation. These pumps pro- 
vide a mechanical head which mauitains Qon- 
tinuous flow of water through the boiler droilyts, 
A schematic of a steam boiler of the forced-cirMla- 
tion type is shown in figure 34. 

29. The types of tube arrangements used in 
water-tube boilers are straight, bent, and coiled. 
Modem boilers are usually of the bent-tube type. 
In, this course, however, we will discuss only the 
straight-tube and bent-tube arrangements. These 
arrangements will be discussed separately in the 
paragraphs that follow. To avoid confusion, you 
should study carefully each illustration referred 
to throughout the discussion. 

30. The straight-tube arrangement of water- 
tube boilers includes three types: sectional-header 
cross-drum, box-header cross-drum, and box- 
header longitudinal-drum, 

31. The first type, shown in figure 35, is a 
sectional-header cross-drum boiler that has vertical 
headers. The headers arc steel boxes into which 
the tubes are connected. Feed water enters the 
drum and passes down through the pipes (down- 
comers) into the rear sectional-headers from 
which the water tubes are supplfed. As the water 
is heated, some of it changes into steam and flows 
tjirough the tubes to the front headers. The steam- 
water mixture then returns to the steam drum 
through the circulating tubes and is discharged in 
front of the steam-drum baffle. This baffle helps to 
separate the water from the steam. The steam is 
released from the top of the drum through the dry 
pipe. This pipe extends along the length of the 
drum, and has holes or slots in the top half through 
which the steam enters. This helps to prevent 
water from being carried into the steam lines. 

32. Headers ar^ disdnguishing features of the 
sectional-header cross-drum boiler. They are 
usually made of forged steel and are connected to 
the drums by the tubes. The headers are con- 
nected at right angles to the tubes, as shown in 
figure 35, The tubes are rolled and flared into 
each header. A handhole is located opposite both 
ends of each tube to facilitate inspecting and 
cleaning, A mud drum is connected, by short 
nipples, to the bottom of each rear header. Its 
purpose is to collect sediment, which is removed 
by blowing down the boiler. Baffles are usually 
arranged so that the gases are directed across the 
tubes at least three times before they are dis- 
charged from the boiler below the drum. 
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Figure 35. A typical sectional cross-header boiler. 



33. The box-header cross-drum boiler is the 
second type, and it is illustrated in figure 36, The 
box-headers are shallow boxes made of two 
metal plates: (1) a tube-sheet plate, which is 
bent to form the sides of the box, and (2) a plate 
containing the handholes, which is riveted to the 
tube-sheet plate. The tubes enter at right angles 
to the box-header and are expanded and flared 
in the same manner as in the sectional-header 
boiler. The boiler is usually built with the drum 
located in front. This boiler has»either cross or 
longitudinal baffling that is arranged to divide the 
boiler into three passes. Water enters the bottom 
of the drum, flows through connecting tubes to 
the box-header, moves through the tubas to the 
rear box-headftr, and goes back to the drum. 

34. The third type is the box-header lon^- 
tudinal-drum boiler, which has either a horizontal 
or an inclined drum. Box-headeri are fastened 
directly lo the drum when the drum is inclined. 
If the drum is horizontal, the front box-header 
ii connected to it at an angle greater than 90*^. 
The jear box-header is connected to the drum 
by tubes* Longitudinal or cross baflBes can be 
used with either type. 



35. Boilers of the bent-tube type usually have 
three drums, each the same in diameter but not 
all set on the same level. The tubes are bent at 
.the ends to enter the drums radially. A typical 
bent-tube boiler is shown in figure 37. Water 
enters the top rear drums, passes through the tubes 
to the bottom drum, and then moves up through 
the tubes to the top front drum. A mixture of 
steam and water is discharged into this drum; 
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Figure 36, A cross-drum box-header boiler. 
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Figure 37. A typical bent-tube boiler. 

the Steam returns to the top rear drum through 
the upper row of tubes while the water travels 
through the tubes in the lower rows. The steam 
is removed near the top of the rear drum by tubes ^ 
extending across the drum, and it enters a small 
collecting header above the front drum. 

36. Many baffle arrangements are used with 
bent-tube boilers. Usually, the baffles are installed 
so that 70 to 80 percent of the heat will be 
absorbed by the inclined tubes between the lower 
and upper front drums. 

37. Water-tube boilers offer a number of 
worthwhile advantages. For one thing, they 
afford flexibility in starting up. They also have a 
high productiv<5 capacity, which ranges from 
100,000 to 1,000,000 pounds of steam per hour. 
In case of tube failure there is little danger of a 
disastrous explosion of the water-tube boiler. 
The furnace not only can carry a high overload, 
but it can also be modified easily for firing by oil 
or coal. Still another advantage is afforded by 
the minunum of difficulty encountered in getting 
to the sections inside the furnace for cleaning and 
rroairing. 

38. There are several disadvantages that are 
common to water-tube boilers. It should be 
pointed out here that high cohsthicUon costs are 
involved, which is one of the major drawbacks 
to using water-tube boilers. The large assort- 
ment of tubes required by this boUer and the 
excessive weight per unit weight of steam gen- 
erated are also other unfavorable factors. 

39. BoOer Fittings and Accessories. Now that 
you have a general idea of the overall basic struc- 
ture of a boiler, several questions no doubt have 
come to your mind. You arc probably wondering 
about the importance of certain boUer parts and 
the operation or function of various devices, such 
as controls, valves, tricocks, and the like. Your 
interest, consequently, brings us to the topic of 
fittings and, accessories. A sufficient number of 
essential accessories and fittings will be discussed 
to provide you with a background for further 



study. As a reminder, and in case you should run 
across some unit or device not covered in this 
chapter, check the manuf^-^turer's manual for 
information on the details of its construction and 
its method of opcradon. 

40. The term "fittings" pertains to the vanous 
controlling devices installed on the boiler. -Bear 
in mind that the fittings are vitally important to 
the economy of operation and safety of personnel 
and equipment. A thorough knowledge of fittings 
is necessary if you are to acquire skill in the 
installation, operation, and servicing of steam 
boilers. 

41. Steam gagi.. The steam gage is located 
. on top of the boiler, as illustrated in figure 38, and 

is used to indicate the pressure of steam in the 
boiler. It must be accurately calibrated and have 
a loop of tubing called a siphon loop between the 
boiler and gage. This prevents live steam from 
coming in direct contact with the gage mechanism 
and prevents damage to the gage. The steam gage 
is installed so that it cannot be shut off from the 
boiler except by a cock placed near the pge. This 
cock has a tee or lever handle which is parallel 
to the pipe in. which it is located when the cock 
is open. 

42. Provisions should be made so that a test 
gage can be Installed to check the accuracy of the 
regular gage while the boiler is \n service. The 
gage dial is usually graduated to read approxi- 
mately twice the pressure at which the safety valve 
is set; it is never graduated to read less than 1^ 
times this pressure. Most of the gages used by the 
military on boilers are of the Bourdon type. 
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Figure 39. 

They contain aJBourdon tube which operates the 
pointer. 

43. Pressure control. Pressure controls are 
designed primarily for steam-heating systems, but 
are also available for controlling air, liquids, or 
gases that are not chemically injurious to the 
control. The purpose of the pressure control is to 
control the pressure in the boiler, to secure the 
fuel-burning equipment when the pressure reaches 
a predetermined cutout, and to start the fuel- 
burning equipment when the pressure drops to 
the cut-in point. There are two settings on the 
pressure control: the cut-in point and the differ- 
ential. To find the cutout point you add the 
differential to the cut-in pressure. For example, 
if you were operating a boiler with a cut-in pres- 
sure of 90 pounds and a differential of 13 pounds, 
the cutout pressure should be 103 'pounds. When 
excessive vibrations are encountered, you should 
mount the pressure control remotely from the 
l^oiler on a solid mounting with a suitable piping 
connection between them. Pressure controls that 
are located remotely from the boiler must be 
installed at a slightly higher level than that shown 
in figure 39. The piping must be properly pitched 
to drain all condensation back into the boiler. A 
siphon must be connected between the pressure 
control and the boiler. 

44. When a mercury-type switch control is 
used, be sure that it is mounted level and that the 
pigtail siphon has the loop extending in the direc- 
tion of the back of the control and at a 90° angle 
to the frotit» This prevents expansion and contrac- 
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tion of .the siphon from affecting the level and 
accuracy of the control. 

45. The pressure controK can be mounted*^ 
either on a tee along with the pressure gage on 
the pressure-gage tapping, as shown in figure 38, 
or it can be mounted on the low-water cutout 
provided by some manufacturers. In either case, 
be sure that the pipe dope is not permitted to " 
enter the control. You apply the dope to the 
male threads, leaving the first two threads bare. 

46. Gage glass. Each boiler must hdve at least 
pne w^ter-gage glass. If the operating pressure is 
400 psi or more, two gage glasses must be 
provided. This is required by the ASME code. 
The gage glass allows you to tell, by sight, the 
water level in the boiler. Each gage glass must 
have a valved drain, and the gage glass and pipe 
connections must not be less than V^-inch pipe 
size. The lowest visible part of the water gage 
must be- at least 2 inches above the lowest permis- 
sibte water level. This level is defined as the 
lowest level at which there is no danger of over- 
heating any part of the boiler when in operation 
at that level. Horizontal fire-tube boilers are set 
to allow at least 3 inches of water over the highest 
point of the tubes, flues, or crown sheet at the 
lowest reading in thetgage glass. 

47. Water-gage glasses, shown in figure 39, 
are used with boilers operating at low and medium • 
pressures. Each consists of a strong j^ass tube 
connected to the boiler or water coluihn by two 
special fittings. These fittings sometimes have an 
automatic shutoff device, usually nomerrous bal^ 





Figure 40, ^^aier columns. 

which function when the water glass falls. The 
top ball does not completely shut off the flow, 
%nd the bottom ball must rise vertically to the seat. 
Both balls must be accessible for inspection, and 
the removal and inspection of the bottom ball must 
be made while the boiler is in service. 

48. Unless two gage glasses are installed on 
the same horizontal line, each boiler must have 
three or more gages or tricocks located within the 
visible length of the gage glass to prove the boiler 
water level. The middle tricock is usually at the 
mean water level of the boiler. The other two 
are spaced equally above and below it; tbe actual 
distance depends uj)on the size of the boiler. 

49. Only two tricocks are required if the boiler 
is not over 36 inches in diameter and the total of 
the heating surfaces does not exceed 100 square 
feet. Gage cocks are used to check the accuracy 
of the gage glass, and as shutoffs when the gage 
glass is broken- They are opened by means of a 
handwheel, chainwheel, or lever, and are closed 
by hand, by a weight, or by a spring. 

50. Water column. A water column is a hol- 
low <:ast-iron^,^malleable-iron, or steel vessel that 
h^two connections to the boiler, as illustrated 
in figure 40. The main purpose of the water 
column is to help prevent fluctuation of the water 
level in the gage glass. The top connection enters 
the steam space of the boiler through the top of 
the shell, or head,\gid the water connection enters 
the shell, or head, at least 6 inches below the 
lowest permissible water level. The pipe used 
to connect the water column to the boiler may 
be brass, iron, or steel, depending on the pressure 
requirement; it must be at least 1 inch in diameter 

51. Valves or cocks arc used in these con- 
necting lines if their through-blow construction 
prevents stoppage by deposits of sediment and if 
the position of the op^ajing mechanism indicates 
whether they are open or closed. A valved drain 
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or blowdown line (%-inch pipe size or larger) 
is connected to the water column for the removal 
of mud and sediment from the lines and the 
column. 

52. The water columns illustrated in figure 40 
are equipped with high-water and low-water 
alarms, which sound a whistle to warn the oper- 
ator. The whistle is operated by either of the two 
floats or solid weights. 

53. Safety valve. Safety valves are installed 
to relieve excessive pressures in the boiler. Their 
construction, installation, and performance arc 
rigidly prescribed in the boiler ASME code. Each 
boiler must iiave at least one safety valve. If the 
boiler has more than 500 square feet of he^g 
surface, there must be two or more safety valves 
installed. No valve or stopcock will be installed 
between the boile^r and the safety valve. The dis- 
charge line is supported separately to prevent 
any undue stress, on the valve. The capacity of 
the safety valve must^e sufficient to discharge all 
of the steam generated by the boiler without 
allowing the pressure to rise more than 6 percent 
above the maximum working pressure. Safety 
valves should be popped daily by hand to insure 
that they are not sticking and that they operate 
freely. They should also be opened periodically 
by building up the steam pressure toJhe reljeving 
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Figure 41. A typical spring-loaded sdfety valve. 
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point and causing them to open by steam pressure 
to insure that they are opening af the conect 
pressure. 

54. The spring-loaded safety valve is often 
called a pop-off valve because of the characteristic, 
sound it makes when it opens. The safety valve 
is equipped with a lever for manual operation. A 
typical spring-loaded safety valve is illustrated 
in figure 41. The setting and adjustment of safety 
v^ves is done only by authorised personnel. All 
safety valves should be properly sealed to prevent 
tampering with the adjustment. 

55. Fusible plug. The fusible plug is designed 
to give additional protection to the boiler against 
low water. The plug is installed so that the largest 
area of the core is exposed to the water for cooling. 
The core of a fusible plug is made of tin, copper, 
and lead. Fusible plugs are of two types: fire- 
actuated and steam-actuated. A fusible plug 
should be replaced every 12 months. If the core 
of the plug is exposed to heat for longer periods 
of time than this, it has a tendency to harden and 
lessen or remove its value as a safety device. Too 
high a temperature Would then be required to 
melt the core in event of loss of water in the boiler. 
When the core melts, steam escapes and warns 
the operator. 

5ft. The fire-actuated fusible plug is generally 
scr/wed into the boiler shell about 2 inches above 
top row of tubes or at the lowegt penftissible 
s/kiQ water level. The boiler must be shut down 
/to replace the fusible plug. ^ 
57. The steam-actuated type of fusible plug 
is screwed into the end of a special tube that 
extends down into the water to the lowest per- 
missible *safe water level. When the water level 
drops below the end of this tube, steam enters the 
tube and melts the core. When the core melts. 
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Figure 43, A typical blowdown system. 

the steam rushes out of the tube and warns the 
boiler operator. A stop valve is usually installed 
in the tube between the plug and the boiler. This 
is done so that the plug can be replaced without 
takin)? the boiler out of service. 

58. Feed-water control. The boiler feed-water 
control unit, shown in figure 42, is provided to 
maintain a fixed water level and thereby protect 
the boiler from feed-water failure. This unit 
consists basically of an inclosed float-actuated 
valve, an electrical switch, or a combination of 
both, mounted on the outside of the boiler near 
the water-sight gage. The feed- water control unit 
adds water to a boiler by opening a water valve 
' or operating a water pump. It eliminates a high- 
water line by actuating an overflow valve. The 
control provides for ringing a bell when the water 
in the boiler becomes dangerously high or low. 
' The unit also stops the operation of a stoker, oil, 
or gas bUmer when the water line is low. Yqu will 
recall tlmt we discussed the operation of the feed- 
water/control in chapter 2 of this memorandum 
59/ Blowdown system. AU steam heating 
systems must have the provision to blow down 
Ijoiler. The amount of blowdowij, is indicated 
b^he results of the total dissolved test. The 
of blowing down the boiler is to remove^ 
^sediment such as mud, scale, and other impurities 
that are harmful to the boiler. Blowdown is also 
used to remove excess water from the boiler. The 
blowdown system is usually connected to the lower 
tapping on the boiler and* consists of a slow- 
opening valve, a quick-owning valve, a flash 
tank, and the necessary piping, as illustrated in 
figure 43. 

^0. When a boiler is blown down, the. quick- 
opening valve is opened first and the slow-opening 
valve is opened second. The reason for do|ng this 
is to avoid undue stress on the boiler and the 
blowdown piping. When sufficient blowdown time 
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Figure 44. A typical flash tank, 

has elapsed, the slow-opening valve is closed first 
and the quick-opening valve is closed last. ^ 

61. The blowdown water or steam should 
never be piped directly into the atmosphere or 
sewer because of the possibility of injuring people 
and damaging the sewer connections. The correct 
method of disposing of this hot water and steam 
is by the use of a flash tank, spmetimes called 
a blowdown basin. (Sec fig. 44.) This tank is 
usually buried underground to prevent freezing. 
It is equipped with a bottom drain for emptying 
the tank when cleaning is necess^. A manhole 
is also provided for cleaning and inspecting 
purposes. \j 

62. When the hot water from the boiler enters 
the flash tank, part of the water flashes into steam 
and is vented into the atmosphere. The water 
that does not flash into steam, however, will raise 
the water level in the tank and cause cold water 
in the tank to overflow into the sewer. 

63. Boiler Code Requirements. The ASM£ 
Boiler and Pressure Vessel Code, sponsored by 
the American Society of Mechanical Engineers, 
requires that all boilers carrying over 100-psi 
working pressure (except traction or portable 
boilers) have two blowdown valves on each 
blowdown pipe. The arrangement may include 
two slow-opening valves or one slow-opening valve 
and a plugcock. Traction and portable boilers 
must have one slow- or one quick-opening blow- 
down valve. All types of boilers must have the 
blowdown valves installed with extra-heavy steel 
or malleable iron piping. 

64. Boiler Idendfication Maridngau Each 
boiler is stamped with a National Board number, 
manufacturer's name, steam working pr^sure, 
amount of square feet of heating surface, and 
the year it was built. For example, 

NATIONAL BOARD 
35678 
KEWANEE 
125 lbs 
715 HS 
1947 



65. Boilers -are also stamped with the man- 
ufacturer's stock number, boiler size, and the 
dry weight of the boiler. For example, 

08360 
583 
13770 lbs 

66. Pipe Identification Markings. Boilerroom 
piping is usually painted different colors to 
identify the contents that flow through them. It 
is recommended that the heating operator acquaint 
himself with the color code used in his particular 
installation. 

67. Installing Steam Boilers. The installation 
of steam boilers is similar to the installation of 
hot-water boilers. General information for in- 
stalling hot-water boilers is included in the chap- 
ter covering hot-water heating. Specific instruc- 
tions for installing steam boilers are furnished 
by the manufacturer and the building plans are 
furnished by the Facilities Engineer. 

68. Operating Steam Boilers* The specific in- 
structions for operating a particular steam boiler 
are usually furnished by the manufacturer. There 
are some specific things, however, that a prospec- 
tive operator should do when first taking over the 
operation of a boilcrplant When you become a 
new operator you should make a preopcration 
inspection of the boilerphnt to satisfy yourself 
that the plant is in good^pel^ting order before 
the other operator is reUeved. « 

69. During the preoperation inspection,* you 
should check the pertinent details of every unit. 
You should be satisfied that they are in satisfactory 
operating condition and that the operation of the 
units is clear to you. Upon arriving at a boiler- 
plant, the first thing you should check is the water 
level in the boiler. If you find that the water is 
excessively low, you will have to quickly secure 
the firing equipment. You will have to allow 
the boiler to cool before you add water to the 
boiler. To add the water before the boiler has 
cooled creates the possibility of a serious explosion. 
The step-by-step procedure for making a preoper- 
ational inspection will, no doubt, be given to you 
by your supervisor. 

70. Maintaining Steam BoUers. The knowl- 
edge requirementa for maintaining steam boUers 
are similar to those .for maintaining hot-water 
boilers. General information for maintaining hot- 
water boilers is included in the chapter pertaining 
to hot-water heating. Specific information regard- 
ing the maintenance of boilers will usually be 
furnished by the manufacturer of t6e boiler. You 
will also find the information and requirements 
set forth in post regulations and standing oper- 
ating procedures. 
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IN THE PREVIOUS chapters of this memoran- 
dum you 3tu3ied about types of steam boilers, 
theiifbonstruction, how they operate, and how to 
maintain them. You were told about the water 
used in boilers, how it is fed into a boiler, and how 
the water is treated to minimize damage to a boiler. 
Finally, you studied about how steam Is generated. 

2. At this point, however, you ask yourself, 
"What good is the steam without some means of 
transporting it from the steamplant to the user?" 
In answer to this question, you will find some 
information in this chapter about steam distribu- 
tion systems. A steam boiler is virtually useless for 
heating without a good distribution system for 
taking the steam to the areas to be heated. Let 
us say that the term "distribution system," as used 
in this chapter, refers to the network of piping 
required to distribute steam from a boilferroom or 
a boilerplant through the steam pipes to the equip- 
ment using it. 

•3. Steam distribution systems are grouped 
under two classifications: exterior and interior. 
The first discussions will pertain to types of 
exterior distribution systems. 

21. Exterior Steam Distribution Systems 

1. The exterior distribution system is further 
divided into underground and aboveground 
systems. 

2. Underground Systems. The major under- 
ground systems are the conduit and the utilidor 
types of systems. These systems are normally 
installed only in permanent heating installations 
because of their high cost, of installation. 

3. Conduit type. In the conduit type of steam 
distribution system, the pipe is installed inside a 
conduit that is usually buried in the ground below 
the frostline. The ftpstline is the lowest depth 
that the ground freezes during the coldest part 
of the wintCi.. The pipe used for steam is black 
steel pipe, which is not as strong as that required 
for condensate return lines. The conduit and 
insulation serve to protect and insulate the steam 
pipe. One t>pe of conduit is illustrated in figure 
45. The conduit mu?;t he strong enough to with- 



st&d the pressure of the earth and the usual 
additional loads that arc imposed upon it 

4. Several types of materials and various 
designs* are used in the manufacture of conduit. 
Common types of conduit arc constructed of 
masonry cement, galvanized iron, and steel. The 
conduit is usually sealed with asphaltic tar- or 
some other type of sealer to prevent water from 
'getting into the insulation and deteriorating it. 
Insulation may be attached directly to the pipe, 
attached to the inner surface of the conduit, or 
in loose form and packed between the pipe and 
the conduit 

5. The bottom of the trench fofr the conduit 
should be filled with coarse gravel or broken rock 
to provide support and adequate water drainage. 
When allowed to collect, the water seeps into the 
conduit through porous openings in the sealer. 

"This wets the insulation and causes it to lose 
much of its insulating value. Manholes are re- 
quired at intervals along the Jine to house the 
necessary valves, traps, and expansion joints. A 
typical manhole is illustrated in figure 46. 

6. Utilidor type. The utilidors or tuimels of 
the utilidor type of system are constructed of brick 
or concrete. The size and shape of the utilidor 
usually depends upon the number of distribution 
pipes to be accommodated and the depth the 
utilidor must go into the ground. Manholes, 
sometimes doors, are installed to provide access 
to the utilidor (tunnel). A typical utilidor is 
shown in figure 47. The utilidor is usually con- 
structed so that the steam and condensate return 
lines can be laid along one side of the tunnel on 
pipe hangers or anchors. This is usually done 
with the type of pipe hanger with rollers that 
provides for the free movement required by the 

' expansion of the pipe that occurs. The other side 
of the utilidor should ^be a walkway that provides 
easy access to lines when you are inspecting and 

" doing maintenance. 

. 7. .\bovcground Systems* Aboveground steam 
distribution systems are further divided into over- 
head and surface systems. ^ 
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Figure 45. One type of steam distribution conduit, 

8. Overhead distribution systems. Overhead 
distribution systems are often used in temporary 
installations; howe^r, they are sometimes used 
in permanent installations. The main drawback to 
this type of distribution^ system is the high cost of 
maintaining it. These overhead system? are similar 
in many respects to underground distribution 
systems. They require valves, traps, provision for 
pipe expansion, and insi^ated pipes. The main 
difference is that the steam distribution and con- 
densate return piping are supported on pipe 
hangers from poles, as illustrated in figure 48, 
instead of being buried underground. 

9. Surface, In some cases you will find that 
steam and condensate lines are laid in a? conduit 
along the surface of the ground. These systems, 
however, are not as common as overhead and 
underground systems. Surface systems require 
about the same components as the overhead and 
the underground systems — traps, .valves, pipe 
hangers to hold the pipes in place, and provision 
for pipe expEUision. Sometimes an expansion loop, 
formed by a loop of pipe, is used instead of an 
expansion joint to provide for pipe expansion. 

10. Maintenance. The maintenance required 
for exterior distribution systems normally consists 
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Figure 47, A typical utilidor. 

of inspecting, repairing, and replacing insulation, 
traps, valves, pipe hangers, expansion joints, 
conduit, utilidors, and aluminum or galvanized 
metal coverings used on aboveground distribution 
systems. The maintenance required on' conduit 
and utilidors consists of keeping the materials of 
which they are constructed from being damaged 
and of insuring that water is kept out of the 
tunnels and pipes. The maintenance Required on 
outside metal coverings is about the same\jas that 
for the conduit and utilidors. Informati9n about 
the-iffaintenance of traps, expfinsion joints, and 
pipe hangers will be given later in this chapter 
in discussions of system components. The use 
of valves has already been covered in Chapter 3 
of Memorandum 564. 
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■ 16" 



41 



ERIC 



r 



82 



76. 



AIR VENT 




AIR £XPELL£D OR DRAWN IN 
AS REQUIRED 
RADIATOR W^,^ ^^^^ 



RAOIATQR TILTED SO THAT 
CONDENSATE WILL FLOW OUT 
SAME PIPE THE STEAM ENTERS 



DRAIN • 



FT 



11^^^ CONDENSATE 
RADIATOR VALVE 
Figure 49. A gravity one-pipe air-vent system. 



22. Internal Steam Distribution Systems 

1. Internal steam distribution systems may be 
classified according to pipe arrange;nent, acces- 
sories used, method of returning condensate to 
the boiler, method of expelling air from the 
systeqi, or the type of control employed. The 
interior steam systemSx^ that are discussed ..in 
this chapter are classified according to pipe 
arrangement 

2. Steam may be fed to interior steam distri- 
bution systems from a boiler in 'the same building 
or fromwthe exterior distribution system of a central 
plant. 

3. Gravity, On^-Pipe, Air-Vent System* The 
gravity, one-pipe, air-vent system, shown in figure 
49, is ond of the oldest types of internal distri- 
bution systems. Its capacity is usually ample, and 
its installation cost is low. Because the condensate 
is returned to the boiler J)y gravity, this system is 
usually confined to one building and seldom 
used as a ceritral plarit distribution system. The 
steam is supplied by the boiler and is carried by 
a single system^ of piping to the radiators. The 
return of condensate depends upon the hydrostatic 
head, "^h^ftforjc, the end vof the steam "^main, 
wher&thlfe main is draineii to the wet return, should 
be high enough ^beve the waterline to provide 
the required hydrostatic head ^bpve the entrance 
to the J)oiler. .The radiators in the system are 
equipped ''with an inlet valve and art air valve. 
The inlet valve is the radiator shutoff valve, while. 



the air valve p^hnits the venting of air from ^ 
i^adiators. Condensate is drained from the raBt* 
^' ators through the saxnc pipe that supplies the 
steam; they flow in the opp)Osite directions, how- 
ever, which is a disadvantage. «0n4cr certain con- 
ditions/the condensate is held in the radiators, 
and dauses ndisy operation and a fluctuating 
water level in the boiler. Wat^r hammer and slow 
heating! characteristic of Ihis system when the 
pipe sizing, pitch, and general design are 
inadequate. 

4. Installing. Although ''all gravity, one-pipe, 
air-vent systems are ^ike in design, it is seldom 
that two installations are alike in installation 
details. Since the de^ilTdllTer with the make and 
model of equipment/ it is recraim^ided that the 
manufacturer's installation prb^oures be fol- 
lowed. Also, you should follow the mechanical 

^ blueprints for the particular installation. There 
is some general informatioji, however, that we 
are going to give yeu, whjch applies to most heat- 
i{ig systems of this type.. 

5. To preve^nt^ater hammer and re-evapora- 
tion of the water, all Condensate should be properly 
drained from the lines. The necessary internal 

^drainage can be obtained bv sloping the lines 
down, in the direction of condensate flow, at 
/least 14 -inch for every 10 feet of pipe. The 
^ radiators must also be tilted so that the condensate 
will flow jout of them i i\<aiP ^ s2Lme pip^ through 
^ which the steam is ent^Hmg. ' 
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Figure 50. A two-pipe vapor system with a return trap. 



6. Air vents are installed in the steam lines 
and radiators to eliminate any air in the system? 
Air in the system tends to block the flow of steam, 
and it consequently acts as an insulator and pre- 
vents the emission of h^at from the heating sur- 
face. Therefore, the air must be quickly and 
effectively vented from the heating equipnftnt and 
steam lines to get quick and even heating from 
the steam-heating system. Most steam distribution 
systems are'l'^tv fitted with automatic vents which . 
will permit the air to pass but Nvhich block the 
passage of steam. Figure 49 shows air vents m 
the radiator and the distribution system* ^ 

7. Operation. The operating instructions for 
gravity, one-pipe, air-vent systems will vary from 
one -installation to another. The manufacturer 
of the equipment usually furnishes the specific 
operating instructions for his equipment. 

8. ' Generally speaking, you will find that most 
steam systems have a main steam stop valve 
located on the top of the boiler. The purpdse of 
this valve is to hold the steam in the boiler until 
you are ready to let it out. When you are ready 
to turn the steam into the distribution system, 
you should only, crack fopen it very little) the 
valve. The reason, for doing* this is to allow the 
system to warm up slowly and avoid any thermal 
shock to the lines and fittings. After the system 
h^^armcd upr*thc mdin steam stop valve should 
JbK>pencd slowly. While opening the valve, you 
Should check often to insure that the proper water 

level is maintained in the boiler.. 



9. You will also note that the radiator yalves 
in one-pipe steam distribution systems should be 
either completely open or completely dosed. 
Partial opening of the valve will interfefe with 
the proper drainage of water from the Radiator. 

10. Maintaining. In this portion of the text 
we are discussing sonic of the common problems 
you are most likely to encounter in the field when 
maintaining a gravity one-pipe distribution system. 
The most probable causes of these problems and 
the remedies for them ar% considered. 

11. When a radiator ^ails to hear or water 
hammer occurs, there are several probable causes. 
One is the failure of the air vents to function, 
thereby causing the radiator to become airbound. 
A second cause is that the radiator valves are not 
completely open. Another '^ause is that;^the radi- 
ators and lines are not correctly pitched. To 
remedy these causes of heat failure, you should 
inspect the operation of the aif vents and the 
positions of the radiator valves to make 'sure they 
are open. You should then check and correct, \t 
necessary, the pitch of the radiators and lines 
when the other checks do not correct the trouble. 

12. A fluctuating water line in the boiler can 
be caused by an excessive pressure drop in the 
supply lines, which, in turn, is usually caused by 
partial .stoppage in the pipes. This, of course, 
^an only be remedied by removing the cause of 
the stoppage. Uneven heat distribution is another 
trouble that you "may encounter. This can be 
caused either by inoperative radiator vents. 
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improperly vented steam mains, or incorrectly 
pitched mains. To eliminate this uneven heat 
distribution, you should check and clean the air 
vents at the radiator and those in the steam mains. 
Then, you should check and correct, as required, 
the pitch of tKe steam lines, if the other remedies 
have not corrected the trouble. 

13. Two-Pipe Vapor System with a Return 
Trap, The two-pipe vapor system with an alter- 
nating return trap, illustrated in figure 50, is an 
improvement over- the one-pipe system. The 
return from the radiator has a thermostatic trap 
which permits the flow of condensate and air frcmi 
the radiator. It also prevents steam from leaving 
the radiator. Because the return mains are at 
atmospheric pressure, or less, "a mechanical 
return trap is installed in the system to equalize 
the condensate return pressure wilh the boiler 
pressure. The mechanical return trap is primarily 
a double-valve float mechanism, which permits 
equalization of the boiler pressure and the pressure 
within the return trap. 

14. Instatting. Vapor-steam systems with re- 
turn traps are similar in design. However, it is 
seldom that two installations are alike in installa- 
tion details. Since the details differ with the 
type of heating equipment, it 4s recommended 
that the manufacturer's installation instructions be 
followed. ^ 

15. However, the mechanical return trap 
should be installed on a vertical pipe in the return 
system that is adjacent to the boiler. The top of 
the trap should be level with, or below, the bottom 
of the dry return main. The bottom of the trap 
should l^e approximately 18 inches above the 
boiler water line to provide a sufficient hydro- 
static head to overcome, friction in the return 
piping to the boiler. 

16. Operating. The two-pipe vapor system 
with a return trap alternately fills and dumps. It 
returns condensate to the boiler by a mechanical 
alternating-return trap instead of by gravity. The 
alternating-return trap consists of a vessel with a 
float which, by linkage, controls two valves simi 
taneously so that one is closed when the oth6i 
is open. One valve' opens to the atmosphere; the 
other is connected to the steam header. The 
bottom of the vessel is connected to the wet 
return. 

17. In operation, when the float is down, the 
valve connected to the steam^ header is closed and 

. the other is open. As the condensate returns, it 
goes through the first check valve and rises into 
the return trap, which is normally located 18 
inches above the boiler water line. TTie float starts 
to rise, when the water reaches a certain le>^el in 
tfe trap, the air vent closes, ^nd tha steam valve 
opens. This action equalizes tHe trap and boiler 
pressures and permits the water to flow by'^gravity 



ERIC 



44 



from the trap, move through the boiler check 
valve, and go into the boiler. The float then 
returns the trap to its normal vented condition, 
ready for the next flow of returning v^^ater. 

18. Maintaining, The problems you will en- 
counter in maintaining the two-pipe vapor system 
with a return trap will differ with each system. 
Although we do not discuss all of the problems 
you will encounter in the field, we will discuss 
some of the common troubles. For specific 
instructions you should refer to the manufacturer's 
n^anual or pamphlet pertinent to each piece of 
equipment. 

19. When a radiator fails to heat, the condition 
can be caused by the air vent being plugged, or 
the radiator being waterlogged because of a 
plugged or defective trap. In case there is a 
plugged air vent, all you need to do is clean it. 
When there is a waterlogged radiator, the trap 
should be checked to determine if it is plugged; 
also you should check to see if the bellows is 
serviceable. If the trap is plumed, then cleaning 
it -should solve your problem. However, if the 
tragi is damaged, the damaged part, or the whole 
trap, will have to be replaced. 

20. Whence entire steam distribution system 
fails, the trouble can be caused by inoperative 
return traps or inoperative check valves. The 
return traps and the check valves should be 
cleaned and inspected; and" if nece^ssary, the 
defective parts or the whole unit should be 
replaced. , ^ 

21. Two-Pipe Vapor System with a Conden- 
sate Pump. The two-pipe vapor system with a 
condensate pump, such as that shown in figure 
51, is similar to the two-pipe vapor system with 
the return trap, except that the condensate is 
returned to the boiler by a power-driven centrif- 
ugal pump, instead of by a return trap. This 
system includes a separate main, a radiator feed at 
the top, and a return system with themostatic?illy 
trapped outlets located at the bottom of the 
radiators opposite to the feed end. The return 
main terminates at the receiver of the condensate 
pump, where all of the air in the system is dis- 
charged to a vent on the receiver. With the use 
^of a condensate pump, all of the returns to the 

mmp are kept dry, and the rkdiators can be 
l^itod below the boiler water line. This is not 
poslible with the steam distribution systems prc- 
vioifiyiy described. The radiators should, however, 
be in^alled above the return main to permit 
gravity flow of the condensate from the radiator, 
and the return main should pitch downward to . 
the pump receiver. 

tl. Installing. Two-pipe vapor systems with 
condensate pump^' are basically alike in design. 
However, it is very seldom that two installations 
are alike in their Ins^ailafTon details. It is neces- 
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Figure 51 A two-pipe vapor system with a condensate pump. 



sary, therefore, to install each system in ac- 
cordance with th;^ mechanical blueprints furnished 
by. the civil engineer and the instructions of the 
manufacturer of the equipment. 

23 Operating, The two-pipe vapor steam 
distribution system can be operated at the pressure 
limit of the steamplant boiler, provided the con- 
densate pump is designed for sufficient discharge 
head necessary to Overcome discharge pipe fric- 
tion loss, boiler pressu^e, and the hydrostatic head 
bet\*een the pump outlet and the waterline of the 
boiler The ends of the steam mains are drained 
and vented into the dry return main tlvougli a 
combination float and thermostatic trap. 

24 The two-pipe system with a condensate 
pump is adapted to relatively large installations 
and is probably the most practical and trouble- 
free system. Most vapor systems differ^ some- 
what with each installation. For specific instruc- 
tions as to .the correct operating procedures, you 
should refer to the job proficiency guide for your 
base and to the manufacturer's instnJ^ons for the 
specific type of equipment installed. 

25, Maintaining, Most of the two-pipe vapor 
steam distribution systems will differ from one 
system installation to another. Therefore, you 
will encounter different maintenance problems 
with each system. In this chaptei'we will mention 
some of the common troubles. It is 'not feasible 
to try to cover all of the problems you might h^ve ' 
with different systems of, this type. 



'26. When you find that the individual radiator 
fails to heat, the trouble jeJan t)e cfaused either by 
an inoperative steam trap or the radiator is not 
installed correctly. These troubles are eliminated 
by repairing or replacing the steam trap or cor- 
recting the improper installation of the radiator. 

27. When it is the whole distribution system 
that fails to heat, the trouble'can be caused by 
clogged or closed receiver vetjts, a flooded return 
line, the lack of pump capacity, or air binding 
the system. These troubles can be remedied by 
opening the vents, checking and adjusting the 
pump cut-in, replacing the pump, or repairing 
inoperative return traps. 

28. One common trouble which occurs in this 
type of distribution system is the ove^ow of 
water from the receiver vent. This condition is 
usually caused by an inoperative pump. The 
pump may be causing the flooding because of its 
inadequate capacity or because it is unable to 
handle'the volume of condensate required. This 
condition can be^ corrected by either repairing 
or rejplacing the pump. 

29. Another cause of overflow of water 
from the receiver vents is an obstruction in the 
line between the condensate receiver and the boiler. 
This trou|?le can be remedied by eliminating the 
ob^ruction, regardless of whether it is a closed/^ 
valve or a ctogged line. 

30. Two-Pipe Vapor System with a Vacuum 
Pump and a Condensate Return. The two-pipe 
vapor distribution system with a vacuum pump 
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and a cdadensate rettim, shown in figure 52, is 
similar to the txfp-pipe vapor system with a 
condensate pump. The * piping in this system 
includes separate steam and return mains. 

31. InstUlVing, Most vapor .distribution sys- 
tems with vacuum pumps and condensate returns 
are similar. However, it is seldom that two steam 
distribution installations ara alike in installation 
details. When installing: vapor-heating distribu- 
tion systems, it is advisable to refer to the 
manufacturer's recommendations, post engineer 
mechanical drawings, and- specifications for the 
proper installation procedures. 

32. Operating. When ' operating this type ot 
distribution system, the steam is supplied^ at 'the 
top of the radiator, and the air and condensate 
discharged through a thermostatic t/ap from the 
bottom of the opposite end of the radiator. All 
retuhis are dry and terminate at the vacuum 
pump. The vacuum pump is usually a motor- 
driven unit, although low-pressure steam turbines 
have been successfully used' to a limited extent. 
The vacuum pump returns the condensate to the 
boiler and ^Qaintains the vacuum^ or subatmos- • 
pheric pressure in the return system. The main- 
tenance of a vacuum in the return system (3 to 
10 inches of water) enables almost instantaneous 
filling of the heating units at low steam pressure 
(0 to 2 psi), since air removal is not dependent 
upon steam pressure* 

33. The vacuum pump withdraws the air and 
water from the system, separates the air from the 
water, expels the air to the atmosphere, and 

^ pumps the water to the boiler, feed-water heater? 
or |urge tank. Usually, the vacuum pump is 
supplied .viith a float switctj^ well as a vacuum 
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switch, and it can ba operated as a condensate 
pump unit. The float switch should be used only 
when the vacuum switch is defective, and then 
only until the- defects can be repaired or corrected. 

34. This system can be used in all types cf 
buildings, and it is of particular advantage for 
the satisfactory operation of indirect radiation 
units, heating coils, and ventilating units, and for 
other units which require close autdmatic control. 
Indirect radiation is a term applied to wai^-air 
headng systems that receive their heat from steam 
supplied to their heat exchanger coils. 

35. Maintaimh^ When considering the sub- 
ject of maintenance on a two-pipe vapor distribu- 
tion system having a vacuum pump, you will find 
that most of the troubles, which have previously 
been discussed also apply to this system. In ^his 
distribudon system, however, keeping air from 
leaking into the system is more of a problem 
than in the other distribution systems. Excessive 
air leakage often causes the pump to run all the 
time, or the leakage can cause the system to fail 
to heat- altogether. To eliminate air leakage, you 
must- find the point where the air is leaking in and 
repair it so that no air can get 'into, the syste^m'. 
Rusty spots and water s'bepagc usually indicate the 
points at which air is leaking into the system.^ 

23, Steam Distribution System Comp^jbnlS 

1. In previous sccdons of this chaptSwyou 
read about vari^ous components as you fludicd 
the various distribudon systems. The components 
were only mentioned, however, and not explained 
in detail. Therefore^ in this"secdon we arc 
going to discuss these several components from 
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the standpoints of puq3j3^e, operation, and 
maintenance. / 

'2, Radiators. Steam ^radiators are normally 
* classified into two categories. One is the fin-tube 
radiator which consists of a metal tube that has 
me^ttHiix%;attachdd on the outside to increase its 
total ^rtfing surface. The fin-tube radiator gen- 
erally has a valve at one end and a trap at the 
other end. This radiator has been used more 
extensively in the past 15 years. It is readily 
adaptable to areas where floof space is limited, 
since the radiator is normally mounted on, the 
walls. The second category is the cast-iron radi- 
ator which is made in sections. A typical cast-iron 
radiator is illustrated in figure 53. These cast- 
iron radiators qre similar to those used in hot- 
water heating systems. 

3. The cast-iron radiator is generally used in 
the one-pipe distribution system. In this system, 
there is only one distribution pipe connected to 

ahe radiator. This pipe delivers steam to the 
radiators, and it also returns water from the con- 
densed steam to the boiler. For this reason, the 
radiators must be tilted slightly toward the distri- 
bution pipe. 

4. The radiators in a two-pipe steam distri^' 
bution system are connected to the boiler by means 
of a distribution pipe as well as by a condensate 
return pipe. Since the. steam and condensate in 
this system flow in separate pipes, the pipes are 
smaller than those required for the same dze 
radiatorin a one-pipe system. The radiator ouUet 
is usually equipped with a steam trap^ as shown 
in figure 53, which prevents §^eam -fiiilKleaving 
the radiator until u condenses it^p waterSs. 

5. Radiator Air Vents. There are two types oN 
radiator air vents: .automatic and manually oper- 
ated. A typical automatic air vent is shown in 
figure 54. Air veYits arc installed to^removc Bif^ 
from the radiators. This must be^nc because air 
will keep the radiator from heatiJ^ properly, 

6. The typt of air vent shown in figure 54 
consists of a hermetically sealed bellows, a valve 



disc and seal, and a vent>body. The bellows 
contains a volatile liquicMvnich has a boiling 
point that is 10 degrees Id&ver than that of water. 
So, when this liquid is he^d to a temperature that 
is 10** below the stean^and water temperature, 
the liquid volatilizes, /^xpands, and closes the 
valve. When air surrdpnds the bellows, the air 
is cooler than the steam. This causes the beHows 
to contract, open the valve, and allow the air to 
escape. This cycle then starts over again. 

7. The type that is^ operated manually is 
usually nothing more than a small valve that has 
a slotted screw incorporated in the stem and a little 
spout on one side for the discharged air. These 
manual vents are normally instiled in the same 
place in the distribution system as automatic 
vents, - , 

8. Steam Traps. Steam traps are designed to 
retain the steam in a radiator, or other using 
device, until it changes into condensate. After 
the steam has turned into condensate, the trap 
releases the water so that it can enter the return 
lines. However^ it keeps any of the steam coming 
into the radiator from escaping. The trap performs 
an important function, since the excessive accum- 
ulation of water will prevent th? proper heating 
of the radiator or other steam equipment. Also, 
steam that is permitted to blow through a defec- 
tive trap results in heat loss, 

9. Traps are generally classified according to 
their operation. The most common types of tT^ps 
are float, bucket thermostatic, float thermostatic, 
impulse, thermodynamic, throttling, and bime- 
tallic-element, 

10. Float trap. The float traps normally 
consist of a body, float, linkage, seat, and valve. 
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Figure 54. 'A typical automatic air vent. 



A typical float trap is shown irf figure 55. As water 
enters the trap, the float rises, opens the valve, 
and allows the accumulation of water to flow into 
the return lines that take it id the boiler. When 
the water has run out, the float falls, closes the 
valve, and traps the steam. . 

1 1 . The maintenance to be done on a float 
tfap is of a simple nature. One of the most com- 
mon difficulties is that oSi^he float getting water 
in it and not rising. In thif case the float must be* 
J^eplaced. The^ valve sometimes gets plugged 

* or worn and has to be cleaned or replaced. 

\ 12. Bucket trap. There are two types of 
^t)ucket traps, the upright and the inveij^d. An 
example^f the inverted Ipucket trap is illustrated 
in figure 56. 

13. buring operation of the upright bucket 
trap, the steam and water both enter the trap 
body. As the water enters, it causes the bucket 
to float and the valve to closa. The water 
continues to rise; it overflows into the bucket, 
which sinks. When the bucket sifiks, the trap 
valve is opened And the steam pressure forces 
the water out. When all of the water is expelled 
from the bucket, the bucket again floats, the valve 
closes, and. the cycle has started ag^n. 

14. During the operation of the inverted 
bucket trap, the steam and water both enter 
under the bucket. The steam makes the bucket 
buoyant, causes it to rise, and closes the valve. 
When the steam condenses, the bucket drbps, 
opens the valve, and the steam blows the water 
oLt of the trap. 

115. Maintenance oq bucket traps consists 
mainly of cleaning and inspecting them period-; 
icafiy. If the trap begins to leak steam, it be- 
comes necessary to reptSce the valve disc and 
seat. However, if the 'bucket fails to open the 
valve, the trap usually becomes waterlogged. 
When a valve disc or seat becomes damaged, 
the trap will allow steam to leak through. The 
condensate retam jine will be excessively hoc, 
when the trap is leaking steam. Bucket traps 
contain some water at all times. Therefore, they 
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Figure 55, A typical float trap. 




Figure 56, A n inverted bucket trap. 



must be drainedi,if the system is to be off during 
freezing weather. 

16. Thermostatic trap. The thermostatic trap 
is often used on radiators and is commonly known 
as a radiator trap. ][J has a bellows that contains 
volatile fluid which expands and vaporizes when 
heated. Pressure builds up inside the belIo^^s/ 
causes it to lengthen, and thereby closes the valve, 
A typibal thermostatic trap is shown in figure 57. 

17. When water collects around and cools th^ 
bellows, the bellows contracts. This op«ns the 
valve and permits water lo escape. As the water 
goes out, .the steam that enters comes in contact 
with the beliows and causes it to expand, close the 
valve, arid prevent the steam frpm escaping. 

18. The most common trouble affecting the 
thermostatic trap is that of the l?ellows getting 
holes 'in it. This causes it to become inoperative, 
and consequently 4t must be replaced. The bel- 
lows and lower valve seat can be removed iOt 
repair without disconnecting any of the piping, 

J 9. Float thermostatic trap. The float thermo- 
static trap operates on the principle of the float 
trap and the thermost^tj^rap. Practically (he 
same maintenance is fequired. A typical example 
of the float thermostatic trap is shown in figure 58. 
The thermostatic bellows acts as an air eliminator, 
20. Impulse trap. The operation of the im- 
pulse trap is bas^ on the principle which holds 
tl^at apportion of hot water, under pressure, will 
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Figure 57. A typical thermostatic trap, 

flash into steam when its^^essure is reduced. 
The trap is operated by a moving valve that is 
impelled by changes of pressure in a control 
chamber. The valve has tiny orifices drilled 
through its center which allow the continuous 
bypassing of condensate from the inlet of the 
trap to the control chamber. This bypassing 
reduces the chamber\ pressure below the inlet 
pressure; so thc^ valve opens and allows free dis- 
charge of the condensate. The temperature of the 
remaining condensate rises and flashes back to 
steam. The Jflow through the valve orifice is 
"choked, and 'pressure buiid^up in tjie control 
chamber, ^losing the vatveT 



TWERMpSTATIC VALVE 
BELLOWS 



INLET 




VALVE. OUYLET 

' Figure 58. An exampie^of a float thef'mostatic trap. 



21. About S perceht of the rated capacity of 
the trap flows through the valve orifice. The pres- 
sure on the discharge side of the trap should not 
be over 25 percent of the inlet pressure if the 
trap is to function properly. Very little mainte- 
nance^ except some periodic cleaning, is required 
for the impulse trap. The trap may be disas- 
sembled for cleaning or repair without disturbing 
any of the piping. 

22. Thermodynamic trap. A typical thermo- 
dynamic trap is illustrated in figure 59, The 
thermodynamic trap contains only one moving 
part — a disc. This disc is operated by changes in 
steam pressure. Pressure under* the disc raises 
it to allow the condensate to be discharged. Drop- 
lets of condensate form on toj) of the disc. Then 
steam enters at high velocity and creates a low 
pressure under the disc; the droplets of water 
above the disc then flash into steam and create 
a high pressure above the disc. (You recall that 
water , expands to as much as 1728 times its 
volume when it change to steam.) This high 
pressure against thatop of the 'disc overcomes 
the lower pressure or*khe incoming steam, so the 
trap closes. As^ more condensate colleto in the 
trap, the steam above the disc conder^eSs and 
relieves the high pressure and the cycle is relpeated. 

23. The most common trouble is that the trap 
becomes plugged and has to be disassembled and 
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Figure 59, A typical thermodynamic trap. 
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cleaned The thermodynamic trap can be cleaned 
.or repaired without disturbing any of the piping. 
Very little other maintenance is required for this 
trap because of its simple construction. Too, the 
trap is usually constructed of stainless steel. 

24. Throttling trap. The operation of the 
throttling trap is based on the principle that the 
flow of water througfi an orifice decreases as its 
temperature approaches that of the steam used. 
The rate of flow of the condensate may be adjusted 
by raising or lowering a stem (needle valve) that 
fits into a tapered seat. This throttling trap has 
no moving parts. 

25. Condensate that is slightly cooler than 
- steam enters the trap, travels up through a baffle 

arrangement, and is discharged through an orifice. . 
If the condensate discharge rate is? higher than the 
inlet rate, the water (condensate) level in the 
chamber drops. This allows steam to enter the 
baflle passage and heat the conden Hte. The 
' amount of water flashing into steam nicreases; 
so the volume of steam-water mixture handled by 
the orifice increases and thereby reduces the 
capacity of the Orifice. The reduced flow through 
the orifice permits the level of condensate in the 
chamber to rise until the heater water in the baffle 
passage has been completely discharged and re- 
placed with water that is slightly cooler. Then the 
cycle is repeated. Air is vented from this trap 
through the same passage as the condensate. ^ 

26. The throttling trap can be replaced without 
disturbing an/ of the piping. 

27. BimetalUC'el^ment trap. The bimetallic- 
element trap contains bimetallic elements that 
bend when heated. The metala contained in the 
bimetallic strip generally are invar and copper. 
The copper expands very rapidly when heated, 
but invar expands very little. Therefore, the bi- 
metallic strip bends when it is heated. This trap 
may be used far higher^or Iqwer steam pressure 
by incresEsing or decreasing the number of bime- 
tallic leaves in the trap. 



aCCUSOIIIS CONHfCnONS 




TO BOtLEH 



iCHECX 
VALVE 



OIRT 

CLOSED GftAVfTY ^^^"^ 
VHO-PlfE. SYSTEM 



OlST POCKCT 



VACUUM C« OPEN. 
GRAVfTY VHf>PVt SYSTEM 



Figure 60. A typical unit heater imiallation. 
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Figure 61, The storage-type hot-water heater. 

28. This trap works basically ^thc same as the 
thermostatic trap. When steam enters the trap, 
the element is heated and bends, thus closing the 
valve. As steam condenses, the elements cool and ^ 
straighten out^ This allows the valve to open and 
let the condensate escape. The bimetallic trap 
can be repaired without disturbing any of the 
pipmg. 

29. Unit Heater. Unit steam heaters are con-r 
vection heater^ in which the air Jl circulated by. 
means of a fan. The unit heater is similar to an 
automobile radiator. It is inctosed in a sheet 

* metal case with the fan mounted at the rear. A 
typical unit heater is illustrated in figure 60. The 
steam enters the unit at the top, and the heat is 
transferred to the fins of the heater. The fan 
blows the air over the fins and out into the space 
to be heated. When the steam condenses, the 
steam trap, usually a float thermostatic type, allows 
the condensate to drain into the condensate return 
line. A strainer is installed just ahead of the trap . 
to help keep foreign matter out of the trap. 

30. Unit heaters, are usually suspended from 
the ceilings of shops, offices, dirting halls, and 
warehouses. This type of installation saves on 
floor space, provides for rapid heating, and gives 
wide distribution of heat. 

31. Unit heaters should be taken down 
periodically and cleaned, because dust and lint 
collect between the fins and reduce the flow of air. 

32. Hot-Water Heaters'. Steam-plated hot- 
water heaters are us^ to supplvHiot water for 
laundries, dining halls, latrines, ^ other facflities. 
There are two general types W these heaters, 
storage and instantaneous. 

33. Storage type. The 3torage-type of hot- 
water heater i3 used to provide potable (drink- 

. able) water that can be taken internally. ' The 
3teamK>perated storage-type of hot-water heater 

' consists of a steel tank that contains a steam- 
heating coil like that shown in &gure 61. The hot- 
water tank is connect^ed to the base water supply 
system and remains full of water at all times. 

34. The steam is circulated through the heat- 
ing coil or "bundle.*^ as it is sometimes called. The 
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ht^'ure 62 The instantaneous-typr hot-water heater. 

heat from the steam is transferred through the 
walls of the coil to the water in the tank. Because 
of the difference in weigh^ between hot and cold 
water, the hot water rises and the cold water 
goes to the bottom of the tank where the steam 
heating coil is located. Here the water is heated 
and begins to circulate. Eventually, all of the 
water in the tank becomes heated. When hot 
water is drawn, more cold water enters the tank 
and this heating process 'repeats Itself. This 
action maintains a full tank of hot water for 
*f3e whenever hot water is needed. The hot 
water should not exceed 180'' F. The storage 
type of hot'Water heater may be constructed to 
be installed in either the horizontal or the verti< 
position. 

35. Tappirtgs are usually provided in the 

for a thermometer, a thermostatic element fc/r a 
temperature-regulating valve (which will be dis- 
cussed later in this chapter), and a safety valve. 
The tube coil should be inspected annually to make 
sure that steam is not leaking into the water. The 
chemicals that ^e sometimes used in the steam 
may make the people who use the water sick if 
they take it internally. ' 

36. Instantaneous type. Instantaneous heaters 
are used primarily as boiler feed-water heaters; 
however, they are sometimes used to provide 
potable (drinking) water at some iiiitallations. 
The operation of the ins^ntaneous-typ%heater is 
basically the same as the storage-type heater; 
their construction, however, is quite different. 
The diameter of the instantaneous heater is small 
in comparison to the storage-type heater. The 
outer shell of the instantaneous heater barely 
covers the tube coil, as you tdh see in figure 62. 
In some makes the water js circulated through the 
coil, and the steam is i^Deased in the shell and 
surrounds the coil. Thl^ water temperature, for 
both types of heaters ^is vdontrolled by a tempera- 
ture-regulating valve. 

37 Temperature Regulator. The temperature 
regulator is used to regulate the quantity of steam 
necessary to maintain tjie hot water at the desired 
temperature. The unit consists of a temperature 
bulb, copper line, diaphragm, spring and tempera- 



ture adjustment, and steam valve. A typical 
temperature-regulating valve is shown in figure 63.^ 

38. The bulb and copper tube are called the 
capsule and capillary tube. They contain a gais 
which expand^ or cont^racts with a change in 
temperature. The capillary tube is connected to 
the top of the temperature fegulator, which^on^ 
tains a diaphragm (bellows). The diaphragm 
(bellows) is connected to the valve stem. A 
spring holds the valve open at low temperatures. 
When the temperature rises in the water tank, 
the gas in the temperature bulb expands and 
forces the diaphragm down, closing the steam 
valve. The water temperature can be controlled 
by adjusting the tension of the spring. A steam 

^ trap in the steam-heating system returns the con- 
densed steam to the condensate tank. 

39. The hot-water tank accessories consist of 
a temperature gage that has a range of 40° F: 
to 240^ F.5and a safety valve or pressure relief 
valve. The relief valve is set at a pressure that 
is 10 pounds higher than the operating pressure, ^ 
and both the setting and the valve must comply 
with current ASME cod^ specification. 

40. Cjpndensation Return Pumps, Condensa- 
tion return pumps-^ cause the water which' has 
condensed from the steam in radiators, heating 
coils, convectors, and unit heaters to circulate 
back to the boiler. One tjrpe of condensation 
return pump is illustrated in figure 64. Units of 
this type normally consist of a receiver or conden- 
sate tank and a pump independently controlled by 
float switches. A check valve ^d a vent on the 
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Figure 63. A typical temperature-regulating valve. 
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receiver allow the receiver to fill and empty as the 
need arises. 

41. Condensate return pumps are maintained 
„ prescribed by the manufacturer of the unit. 
Usually, the motot should be oiled, the check 
valves and vents cleaned, the float switches ad- 
justed, the pump repacked, and the tank cleaned 
at least once each year, 

42. Expansion Joints, Expansion joints and 
expansion loops in' long heating lines are con- 
venient (^vices for handling the pipe elongation 
caused by expansion. 

I3. Types of expansion joints. There are five 
major types of ei^pansion joints which we are 
going to discuss at this point: slip joint, bellows 
joint, swing joint, expansion loop, and ball joint. 

44. The slip joint is illustrated in figure 65. 
The female part of the joint is placed over the 
male part, and the joint is held tight by the packing 
which permits expansion. The kind of packing 
used determines the temperature to which the joint 
can be subjected. 

45. The bellows joint, illustrated in figure 66, 
has a metal bellows which flexes as expansion 
occurs. The joint consists of a thin-walled, cor- 
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Figure 64. A typical condensate return pump. 
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Figure 65, A typical slip-type expansion joint. 

rugated copper or stainless stpl tube clamped 
between flanges. Rings help to keep the cor- 
rugations under relatively high pressure. The 
steam pipe and joint should be supported and 
guided to keep misalignment to a minimum. 

46. Th^swing or swivel joint is most often 
used to^ow expafision to occur naturally in a 
systetfi that has screwed jointsc^ When it is us^ 
with welded elbows, the swing joint introduces 
torsional strains in the elbows and in the swing 
piece. 

47. The expansion loop absorbs expailsion 
through the formation of U or loops in the 
pipeline. 

48. The ball joint is often used instead of the 
expansion loop, because it requires less space and 
material. A ball joint- consists of four basic parts. 
The joint has a casing or body to hold the gaskets 
and a ball. The ball is a hollow fitting that is 
shaped externally like a ball at one end (inside 
the casing) and is threaded, flanged, or adapted 
for welding to the pipe at the other end. There 
are two gaskets ^hich hold the ball and provide 
the seal. > There is also a retaining nut or flange 
that holds the ball and gaskets in the casing. The 
end of one of the two pipes being coupled is con- 
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Figure 66, A typical bellows-type expansion joint. 
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nected to the joint casing; thq end of the other 
pipe is connected to the ball. In operation, the 
r)all joint accommodates the movements of the 
pipes by providing a flexible articulation (SO'* to 
40^" of total angular flexation plus 360'* of rota- 
tion or swivel motion). 

49. Maintenance of expansio^i joints. The slip- 
type joint must be kept properly aligned, ade- 
(luately packed, within the proper limit of travel, 
and thoroughly cleaned and lubricated. You 
adjust or replace the packing, as required, to 
prevent leaks and assure a freeworking joint. 
It is necessary to lubricate ever^y 6 months, using 
the pfoper grease for this type of joint and the 
servfce conditions. Once a year, you check the 
flange-to-flange distance of the slip joints. You 
check the flanges firs^^ when they are cold and 
next when they are hot. Thi? measuring is done 
to make sure that the travel is within the limits 
shown in the manufacturer's data. A change in 
slip travel usually indicates a shift in anchorage 



of a pipe guide, so you mu^t locate and correct 
the difficulty. You also inspect annually for signs 
of erosion, corrosion, wear, deposits, and binding. 
Then you repair orxeplace the defective parts as 
required. 

50. The bellows-type joint is checked annually 
for misalignment, metal fatigue, corrosion, and 
erosion. You ^hould note the amount of travel 
between cold and hot conditions. If the joint 
fails, you replace the bellows section pf the joint. 

51. Expansion loops require very little specific 
maintenance except inspection for alignment and 
leaks. 

52. The ball joint must be kept adequately 
packed. You adjust or replace the gaskets, as 
required, to correct leaks ' and obtain a free- 
working joint. You should always refer to the 
manufacturer's instructions for doing mainte- 
nance work. 

53. The swing joint requires only the normal 
maintenance required for pipe fittings. 
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